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THE GENERA OF CAESALPINIOIDEAE (LEGUMINOSAE)

IN THE SOUTHEASTERN UNITED STATES '

Kenneth R. Robertson /

(Caesalpinia Subfamily)

Trees, shrubs, perennial or annual herbs, or (infrequently) lianas; in

tribe Caesalpinieae plants often armed. Leaves alternate, persistent or

deciduous, compound, even- [or odd-] pinnate or bipinnate, rarely ap-

' Prepared for the Generic Flora of the Southeastern United States, a joint project

of the Arnold Arboretum and the Gray Herbarium of Harvard University made

possible through the support of the National Science Foundation (Grant BMS74-

21469, principal investigator, Carroll E. Wood, Jr.). This treatment follows the

format established in the first paper in the series (Jour. Arnold Arb. 39: 296-

346. 1958). The area covered includes North and South Carolina, Georgia, Florida,

Tennessee, Alabama, Mississippi, Arkansas, and Louisiana. The descriptions are

based primarily on plants in this area, with additional information from extraterri-

torial taxa in brackets. References that we have not seen are marked by an asterisk.

The treatments of Gymnocladus and Gleditsia are largely by Y. T. Lee, who pre-

pared them while he was a Mercer Fellow of the Arnold Arboretum. The subfamily

discussion and the treatments of the remaining genera are by K. R. Robertson. For

the treatment of subfamily Mimosoideac, see T. S. Elias, Jour. Arnold Arb. 55:

67-118. 1974.

Both plates of Caesalpinia and that of Gymnocladus were drawn by Karen S.

Velmure; the plates of Cercis and Cassia are by Arnold D. Clapman; figures a and e

of the Gleditsia illustration are by Sue Sargent, with the remaining figures by Arnold

D. Clapman. Living and/or alcohol-preserved materials for these illustrations were

collected by D. F. Austin, G. R. Cooley, T. S. Ehas, W. T. Gillis, F. Harper, R. A.

Howard, Y. T. Lee, K. R. Robertson, and C. E. Wood, Jr.

enormous knowledge of plants; his assistance is sincerely appreciated. Kathleen

Berkeley, kindly reviewed the treatment of Parkinsonia and has given permission to

quote from her recent article on Cercidium. Considerable assistance has been given

by R. M. Parkhurst, Stanford Research Institute, Menlo Park, California, on the

saponin chemistry of Gymnocladus and Gleditsia. The manuscript was typed by

President and Fellows of Harvard College,
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pearing simple for unifoliolate or absent] .
petiolate; foliar glands on petiole

or rachis present only in Cassia; pinnae and leaflets opposite or infre-

quently alternate; leaflets large to small, few to numerous or reduced

and the rachis phyllodial usually with entire margins, sometimes with

pellucid dots; petioles, pinnae, and leaflets usually with a basal pulvinus;

stipules paired, small to foliose or spinescent, caducous or persistent;

stipels absent or rarely present and minute. Inflorescences terminal and/

or axillary racemes, panicles, or spikes, sometimes reduced to subumbels

or fascicles or the flowers solitary, sometimes cauliflorous; pedicels oc-

casionally jointed; bracts usually present, small to conspicuous [or sepal-

oid], caducous to persistent. Flowers large to moderately small, often

showy, usually bilaterally symmetrical, not papflionaceous (except in

Cercis), yellow to pink, red, or purple, rarely or never blue, usually 5-

merous except for gynoecium, perfect (or rarely imperfect in tribe Caesal-

pinieae and the plants then polygamous to dioecious). Sepals usually im-

bricate in aestivation, rarely valvate, the adaxial one sometimes cucuUate,

± connate below into a short to long cup or tube [or free], sometimes

also adnate to the receptacle and bases of the filaments and petals, forming

a short to long floral cup or tube, the calyx lobes small to petaloid, ± equal

to strongly unequal [rarely the entire calyx connate in bud and splitting

irregularly as the flower opens]. Petals ascending-imbricate in bud, with

the adaxial petal innermost and covered by the lateral ones, usually 5

[sometimes reduced to 4 or 1 or absent], free [or connate below], ±
equal to strongly unequal, one petal often different from the others. An-
droecium usually bilaterally symmetrical and composed of 10 mostly un-

equal stamens in 2 whorls, rarely fewer [or numerous], all fertile or some
reduced to staminodia; filaments short to greatly elongated, free to base

or partly united [rarely diadelphous], often curving toward center of

flower, usually pubescent at base; anthers dehiscing by longitudinal slits

or apical [or basal] pores or slits, basifixed to dorsifixed, often versatile,

lacking apical glands; pollen grains usually shed singly. Gynoecium of

one sessile or stipitate carpel (except in abnormal flowers) inserted at base
of floral or calyx cup or the gynophore adnate to the floral tube; ovary
superior; style short to elongate, often curving adaxially; stigmatic area
terminal, rarely oblique, small to dilated [or petaloid]; ovules anatropous,
parietal, few to numerous in 2 rows on either side of the adaxial suture.
Fruits very variable, stipitate or not, usually elongate [rarely globose],
cylindrical to laterally compressed or flattened, straight or curved, some-
times winged, indehiscent, irregularly dehiscent, or dehiscent (sometimes
elastically) along one or both sutures; externally constricted or not [or
lomentlike], internally septate or not, with or without pulp; fruit walls
chartaceous to woody or fleshy, glabrous to pubescent or echinate. Seeds
large to rather small, ± globose to ovoid, rhomboid, or variously flattened,
oriented transversely, obliquely, or longitudinally in the fruit, the hilum
apical or subapical, small; seed coat usually very hard, variously marked,
a closed pleurogram present in a few genera, but U-shaped pleurograms
absent (cf. ^limosoideae)

; funiculus usually rather long; endosperm
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with large, flat cotyledons;

The Caesalpinioideae, one of three generally recognized subfamilies of

Leguminosae (Fabaceae), includes 120 to 180 genera and 1500 to 3000

species, mostly of the tropics and subtropics. The subfamily is most di-

verse in both wet and dry areas of tropical America and tropical

Africa, although few genera occur in both hemispheres. A smaller num-
ber of genera occur in tropical Asia, with relatively few genera in Poly-

nesia, Australia, and the temperate regions of North and South America

and Eurasia. Only a few genera (including Ccrcis, Gyimwcladus, Gleditsia,

and Ceratonia L.) are largely confined to temperate regions. Most gen-

era of the subfamily are small, and, of the 152 genera (not including

those of tribe Swartzieae) accepted by Hutchinson in his relatively con-

servative account (in which Bauhinia L., Cassia, and Caesalpinia are

interpreted broadly), 62 are monotypic and 38 have from two to five spe-

cies. In the broad sense. Cassia and Bauhinia are by far the largest genera,

with about 600 and 570 species respectively; few, if any, of the other

genera have more than 100 species.

There is general agreement that the three subfamilies that comprise the

family Leguminosae, the ISIimosoideae, Caesalpinioideae, and Faboideae,^

are natural assemblages. There are differences of opinion, however, con-

cerning the rank to be assigned to these taxa. Takhtajan and Hutchinson

treat each as a familv, i.e., the Mimosaceae, Caesalpiniaceae, and Fabaceae,

of the order Fabales or Leguminales. Hutchinson (1964, p. 223) has .said

that "it is merely a matter of opinion or convenience (or even of preju-

dice!) whether Caesalpiniaceae should be treated as a separate family

from Mimosaceae and Fabaceae (Papilionaceae) or all three regarded

as subfamilies of Leguminosae." However, the distinguishing characters

of the three taxa break down to such a degree that it seems far better to

keep them at the rank of subfamily.

The subfamilial classification often used today follows that established

by Bentham, with some modifications; see Heywood in Harborne et al.

for a discussion of the classification of the subfamily and a very useful

enumeration of the genera of Caesalpinioideae arranged alphabetically by

tribes. The eight tribes of Caesalpinioideae usually recognized are Di-

morphandreae Bentham (9 genera), Caesalpinieae Endl. {2^ genera),

Cassieae Bronn (20 genera), Detarieae DC. (Cynometreae Bentham

emend. J. Leonard, 52 genera), Amherstieae Bentham emend. J. Leonard

(33 genera), Cercideae Bronn (Bauhinieae Bentham, 11 genera; Bauhinia

sensu lato, divided into 10 genera), Sclerolobieae Bentham (12 genera),

= The names Lotoideae and Papilionoideae have also been used for this subfamily.

According to Article 19 of the International Code of Botanical Xomendature (1969),

the name of a subfamily that includes the type genus of a family must be based on

the name of that genus. Since Faba Miller (= Vicia L.) is the type genus of the
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and Swartzieae DC. (11 genera) (sequence that of Brenan, 1967; num-

ber of genera from Heywood in Harborne et al). Amphimas Pierre ex

Harms (four species of tropical West Africa) was placed by Bentham in

tribe Cadieae of subfam. Faboideae, but has been included by Schulze-

Menz in the Caesalpinioideae as the sole genus of tribe Amphimanteae

Pellegrin. Hutchinson considers the differences between Bentham's tribes

to be slight and divides his family Caesalpiniaceae into two subfamilies,

the Brachystegioideae (largely equivalent to tribe Amherstieae as emend-

ed by Leonard), with the calyx reduced and functionally replaced by

sepaloid bracteoles, and the Caesalpinioideae, which was subdivided into

five artificial groups. The systematic disposition of Swartzia and related

genera is debatable. They have been considered to compose a tribe of

subfam. Faboideae (Bentham) or of family Fabaceae (Hutchinson), a

tribe of subfam. Caesalpinioideae (Taubert, Airy Shaw in Willis, Schulze-

Menz, Brenan), or a distinct subfamily (De Candolle, Corner). Krameria

L., sometimes assigned to the Caesalpinioideae, seems better placed in

its own family (see K. R. Robertson).

Tribe Dimorphandreae (flowers small, mostly regular; stamens 10, in two

whorls of alternating lengths, but usually otherwise uniform) approaches

tribe Parkieae of subfam. Mimosoideae, and tribe Swartzieae (flowers

nearly regular to irregular; calyx completely synsepalous in bud, split-

ting irregularly as the flowers open; embryo with a straight or curved

radicle) is close to tribes Cadieae and Sophoreae of subfam. Faboideae.

In traditional systems of classification of Leguminosae, the sequence of

the subfamilies, reflecting increasing morphological complexity, is (1)

Mimosoideae, (2) Caesalpinioideae, and (3) Faboideae. Today, how-
ever, most phylogenists agree that the subfamily Caesalpinioideae is the

least specialized and that it is linked through tribe Dimorphandreae to the

Mimosoideae and through tribe Swartzieae to the Faboideae. Turner &
Fearing proposed a hypothetical phyletic chart of the Caesalpinioideae

and Faboideae based mainly on chromosome numbers. The tribes of

Caesalpinioideae were considered to comprise three basic stocks: Am-
herstieae, in part {x = 12, 14), and "Eucaesalpinieae" (x = 12, 14) ; Bau-
hinieae (x = 7) and Cassieae (x = 7, with x = 8 secondary in Cassia) ;

and Amherstieae, in part (x = 8), Cynometreae, in part (x = 8, 10),

Sclerolobieae (x - 11), and Swartzieae (x = 8). According to Turner
& Fearing, the Faboideae may be pol5^hyletic in origin from the last

group of caesalpinioid tribes. Leguminosae, Chrysobalanaceae, and Rosa-
ceae are sometimes included within the same order, and Hutchinson re-

gards the caesalpinioid genera Bandeiraea Welw. ex Bentham & Hooker
and Bauhinia to be connecting links between his Caesalpiniaceae and his

tribe Chrysobalaneae of the Rosaceae (often separated as Chrysobalana-
ceae; see Prance, Jour. Arnold Arb. 51: 522. 1970). Takhtajan says that

his order Fabales ( = Leguminosae in this paper) is "close to the Saxi-

fragales and evidently derived from their immediate ancestor."

Like most primarily tropical and subtropical plant groups, the sub-

family Caesalpinioideae is not very well known cytologically. Reported
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sporophytic chromosome numbers (arranged by tribes) are Dimorphan-
dreae, 24, 28; Caesalpinieae, 22, 24, 26, 28; Cassieae, 14, 16, 20, 22, 24,

26, 28, 32, 48, 56, 64; Detarieae (Cynometreae), 12, 16, 20. 22, 24^ 36.

48; Amherstieae, 24, 28; Cercideae, 14, 28, 42; Sclerolobieae, 11\ Amphi-
manteae, 22; and Swartzieae, 16, 20 (data mostly from Heywood in

Harborne et al.). Most genera and species counted thus far have derived,

polyploid base chromosome numbers of 12, U, or 14. Very few species

are reported as diploid, with base numbers of 6 (Sindora siamensis Teysm.

ex Miq.), 7 (Cercis canadensis, C. occidentalism C. Siliquastrum. Cassia

sect. Chamaecrista subsect. Xerocalyx). and 8 (Sindora Supa Merrill,

Trachylobium vcrrucosum Oliver. Sumrtzia mado'^ascarirnsis Desv.. Cas-

sia sect. Chamaecrista subsect. Lkiocalyx). A base nunil)er of 8 has

been reported in four tribes, although it is never common. 'l\irncr & Fear-

ing postulate that "in view of the distribution of the 2n ^: 16 diploid

species in the family, particularly in the Caesalpinioideae, it seems most

likely that 8 represents the original basal number for the Leguminosae,

if such numerical archetypes exist. At a very early time, derived aneuploid

lines of X = 7 might have given rise to the Bauhinieae and perhaps other

X ^ 14 groups in the Caesalpinioideae as well as derived snondary

aneuploids at the higher level of x = 12 and 13. but the major How of the

X = 8 line appears to have gone into the production of the I'apilionoidcae

proper.'' The occurrence of somatic polyj^loid or aneuploid variant nuclei

in root tip tissue has been noted in numerous genera of Caesaljiinioideae

and Mimosoideae, but not in genera of Faboideae (see Berger ct al.,

Sharma & Raju, and Turner & Fearing).

The pollen grains of most Caesalpinioideae are shed singly (Erdtman

reports that the pollen of Afzelia ajricana Pers. remains in tetrads) and

are nearly always 3-colporate (rarely appearing 3-porate), with narrow

to broad, sometimes equatorially constricted, mostly elongate colpi and

circular, lalongate, or infrequently lolongate ora. The shape of the

grains in equatorial view is spheroidal, prolate, or oblate (infrequently

flattened equatorially) and in polar view circular, 3-angled, or triangular.

The exine is quite variable, both within and between genera, and may be

smooth, punctate, rugulose, striate, reticulate, or verrucose. Considering

the diversity of exine patterns in the species studied thus far. it would

seem that a comprehensive survey of the subfamily with the use of the

scanning electron microscope would be worthwhile, particularly for the

larger genera.

Very little biological information about the genera of Caesalpinioideae

is available, but the extraordinary diversity of flower and fruit structure

indicates an equal diversity in the reproductive biology. There are few

published accounts of poUinators of the Caesalpinioideae, but it seems

that most species are pollinated by various diurnal insects. Some species

of Bauhinia, Eperua Aublet, and Hymenaea L. are bat pollinated, and

species of Hardwickia Roxb. are reportedly wind pollinated. Large black

ants, hummingbirds, and bats visit the flowers of Eperua rubiginosaUiq.,

although it is not known what role each of these animals plays in the
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actual pollination of this species (see Cowan, p. 15). Numerous floral

modifications presumably linked to pollination occur in the subfamily, sug-

gesting that detailed studies of floral biology would be worthwhile. (Bau-

h'lnia is particularly variable in this respect.)

The gynoecium of virtually all Caesalpinioideae consists of a single

carpel that, by and large, is not too different in the various tribes and

genera. Yet the diversity of fruit types in the subfamily is remarkable.

Because of this variety (see subfamily description), the term 'legume"

is probably defined best as the fruit of members of the Leguminosae, al-

though it is usually defined as a dry unicarpellate fruit that dehisces along

both sutures.

Concomitant with the diverse morphology of the fruits are a number

(if dispersal mechanisms. Some selected examples follow. (The inclusion

.*"
1 rnus in one category does not necessarily imply that all species of

.nu. have the same mode of dispersal.) The fleshy or pulpy fruits

'
- iis of Cassia, Ceratonia, Detarium Juss., Dialium L., Gleditsia,

- hidus, Hymenaea, and Tamarindus are dispersed mostly by bats or

il or ground-dwelling mammals. Arils or arilloids are present in

p, . if. (if Ajzclia Sm., Copaijera L., Sindora Miq., and Swartzia Schreber,

ami ilu' seeds are largely dispersed by birds. Explosively dehiscent

truit> art' found in species of Bauhinia, Brachystegia Bentham, Caesal-

; /;,77. ( ,/,s-.v/(/, Delonix, and Eperua. Winged or strongly flattened fruits

((1 by wind occur in species of Burkea Bentham, Cercis, Daniellia

:• uu. (endocarp winged), Gleditsia, and Pterolobium Wight & Arnott;

nioxylon Brauna Schott the seeds are winged. The fruits of Gledit-

; :u-!fica and Cynometra ramiflora L. float and are transported by
\WiU-i; the seeds of Caesalpinia sect. Guilandina also float and are dis-

persed by ocean currents.

Subfamily Caesalpinioideae is of some economic importance, although

it is not nearly as important as subfam. Faboideae. The fleshy fruits of

Tamarindus indicus, tamarind, and Ceratonia siliqua L., locust bean,

carob, or St. John's bread, are minor food crops in some parts of the

world. A gum used in paper-making and in food products is obtained
from the seeds of C. siliqua. Several species of Cassia yield the drug sen-

na, and species of Cassia, Caesalpinia, and various other genera are used
in folk remedies. Several species of Caesalpinia are important sources of

tannin. The wood of numerous species of Caesalpinioideae is hard, heavy,
and beautifully grained. Genera with commercially important wood in-

clude Brachystegia, zebrawood; Caesalpinia, types of Brazil wood; Cas-
sia: Copaijera, purpleheart; Guibourtia J. Benn., bubinga; Haematoxylon
L.. logwood; Hymenaea, courbaril; Macrolobium Schreber, zebrawood;
Mora Hentham; Peltogyne Vogel, purpleheart; Peltophorum (Vogel)
Walp., canafistula; Sindora, supa; and Swartzia. Haematoxylin, used as
a cyiological stain and as a dye for wool, is obtained from the heartwood
of Haematoxylon campechianum L.; brazil, a red dye, is extracted from
the heartwood of several species of Caesalpinia; and sappan dye comes
from C. Sappan L. Resins and copals are produced by species of Copai-
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jera, Cynometra L., Daniellia, Detarium, Gossweilerodendron Harms,
Guibourtia, and Hymenaea. Members of the Caesalpinioideae are often

cultivated as ornamentals. Species of Cercis, Gleditsia, and, to a lesser

degree, Gymnocladus are commonly seen in temperate regions, and species

of Amherstia Wall.,^ pride of Burma, Bauhinia, orchid tree, Brownea
Jacquin, mountain rose, Caesalpinia, Cassia, Colvillea Bojer ex Hooker,

Delonix, Parkinsonia, Peltophorum, and numerous other genera are culti-

vated in tropical and subtropical areas.
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General characters: trees or shrubs, rarely herbs; leaves mostly once pinnate-

ly compound, sometimes bipmnate, rarely appearing simple; rachises and leaf-

lets uith a basal pulvimis ; stipels mostly absent; flowers mostly zygomorphic,

papilionaceous o?ily in Cercis; sepals imbricate; petals imbricate-ascending, with

the upper petal innermost in bud; stametis 10 or fewer, mostly free; pollen

grains shed singly; ovules anatropous; funiculus usually elongate; seeds with-

out a U-shaped pleurogram (closed pleurograms present in some species of

Cassia and a few other genera)
; hikim small, basal or subbasal.
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A. Leaves compound; flowers ± zygomorphic but not papilionaceous.
B. Leaves primarily twice pinnately compound, the primary pinnae phyl-

lodial in Parkmsonia.

C. Leaves usually with several to many nonphyllodial pinnae and elon-

gate petioles; leaflets small to large, not caducous; fruits various,

usually not cylindrical-torulose ; seeds arranged transversely.

D. Flowers zygomorphic (bilaterally symmetrical), yellow to red,

perfect (or if imperfect, the plants scramblers) ; calyx lobes com-
pletely inclosing petals in bud; shrubs, trees, or scrambling vines.

E. Flowers small to moderately large, red and/or yellow; calyx

lobes mostly imbricate in aestivation; fruits very variable, not

strap-shaped with woody valves I. Caesalpinia.

E. Flowers large, red to orange; calyx lobes ± valvate in aestiva-

tion; fruits very long, strap-shaped, dehiscent, the valves

woody 2. Delonix.

D. Flowers ± actinomorphic (radially symmetrical), greenish, often

imperfect; in bud petals visible between calyx lobes; deciduous

F. Trees lacking thorns; leaflets broadly ovate, entire; flowers

long-pedicellate, in open racemes or small panicles; fruits de-

hiscent along the placental suture, the valves woody

3. Gymnocladtis.

F. Trees armed with thorns; leaflets narrowly ovate with crenate

margins; flowers short-pedicellate, in short racemes; fruits

strongly flattened, indehiscent or tardily dehiscent, the valves

chartaceous 4. Gleditsia.

C. Leaves usually with 2 elongate, flattened, phyllodial pinnae on a very

short axis that ends in a spine; leaflets small, numerous along margins

of pinnae, caducous; fruits cylindrical-torulose; seeds arranged longi-

tudinally 5. Parkinsonia.

B. Leaves once pinnately compound, without phyllodial pinnae.

G. Fertile stamens 4-10, filaments free; anthers usually basifixed, open-

ing by terminal pores; petals ± equal or 1 or 2 somewhat small-

er than the others; fruits varied, but not brown and fleshy with a

crustaceous outer layer 6. Cassia.

their length into a sheath open on the adaxial side; anthers dorsifixed,

dehiscing by longitudinal slits; petals very unequal, upper 3 large,

lower 2 minute, scalelike; fruit large, brown, ± sausage-shaped, fleshy,

with a crustaceous outer layer 7, Tamarindus.

A. Leaves appearing simple, cordate; flowers papilionaceous 8. Cercis.

Tribe Caesalpinieae Endl.

1. Caesalpinia Linnaeus, Sp. PI. 1: 380. 1753; Gen. PI. ed. 5. 178.

1754, ''Caesalpina."

Shrubs, small trees, or scramblers, usually armed with recurved prickles.

Leaves evenly [or oddly] twice pinnate, usually petiolate; rachises un-

armed or with prickles; pinnae and leaflets several to many, opposite [or

alternate], jointed basally; leaflets entire, eglandular [or with glands],

the bases usually oblique; stipules absent or minute to conspicuously
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)f staminate inflorescences

-

flower showing

leaf, large persistent stipules, and
hooked prickles along rachis of leaf,

the bracts persistent until anthesis, >
cucullate lower calyx lobe, X 2; d. front view <

cup and rudimentary gynoecium, X 3 ; g, rudiments
flower, X 12; h, carpellate inflorescence, X V2; i, carpellate flower in longitudinal
section showing the fertile carpel and well developed stamens lacking pollen.

short floral
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leafy; stipels usually absent. Inflorescences several- to many-flowered,

terminal or terminal and axillary for falsely lateral] racemes or panicles,

rarely reduced to solitary flowers; bracts usually caducous, sometimes per-

sistent through anthesis; pedicels often jointed at base and near apex.

Flowers perfect or imperfect in sect. Guilandina, the plants then dioe-

cious. Calyx lobes 5, imbricate to almost valvate, nearly equal, the lower

one sometimes cucullate and inclosing the others in bud, often same color

as petals; calyx cup short [rarely campanulate]. Petals yellow and/or

red, subequal and ± sessile except for the keel petal with its tubular claw

and small blade. Stamens 10, all fertile (in perfect and staminate flow-

ers); filaments of 2 lengths, free, glandular-pubescent below; anthers dor-

sifixed, versatile, opening by longitudinal slits. Gynoecium free of calyx

cup; ovary subsessile or shortly stipitate, glabrous, pubescent, glandular,

or echinate; ovules 2-10; style elongate, usually equaling or exceeding

anthers; stigmatic area usually in a small funnel-shaped dcprc^'-inn at

tip of style, sometimes fringed. Fruits very variable, usually llaltciud or

compressed, wings absent [or present], dehiscent or not. with or ^vi^h^llt

septae, the pericarp hard and woody or leathery to charlaccdu-. ulahmus,

glandular, or echinate. Endosperm usually absent. (Including Cuilandina

L. and Poinciana L.) Lectotype species: C. brasilicnsis L.; sec I. I'rhan,

Symb. Antill. 2: 280. 1900*; see also N. L. Britton & I'. Wilson. Sci.

Surv. Porto Rico Virgin Is. 5: 377. 1924. (Name in commemoration of

Andrea Cesalpino, 1519-1603, Italian physician and botanical observer.)

A diverse group of the tropics and subtropics of both hemispheres and

particularly abundant in drier areas of southwestern North America. Cen-

tral America, and South America. Estimates of the number of species to

be recognized if the genus is interpreted broadly range from 60 to 280

(Hattink says ca. 100). The genus is subdivided either into a series of

sections (or subgenera), as was done by De Candolle and Bentham &

Hooker, or into a number of segregate genera. Britton & Rose recognized

14 such genera in North America. Since the problem of generic delimita-

tion can be solved only by critically examining the group on a worldwide

basis, Caesalpinia is conservatively treated here in the inclusive sense.

The genus has been studied mostly in regional floras and is badly in need

of a major taxonomic review.

X 3; j, carpel shortly after anthesis, calyx lobes removed. X 2; k, Rynoecium

from aberrant flower with 2 carpels, X 2; 1, front view of stigma showing

trichomes surrounding stigmatic cavity, X 12; m, tip of style in section o

show stigmatic cavity, X 12; n, cross section of ovary, one ovule visible X

5; 0, mature infructescence with indehiscent, echinate fruits. '/ j: p. ^"^'"
-.

oblique section of nearly mature fruit showing 2 seeds. X ^y. q- mature see

with finely cracked seed coat. X Vr, r, soaked seed in vertical section, seca

coat hatched, X 1. —
* According to Urban (p. 286), three elements were included by Linnaeus in

this species: Plumier's plant, which is the type of the genus; Peltopkorum brasdtense

(Sw.) Urban (= Caesalpinia violacea (Miller) Standley) ; and Caesalptma bahamen-
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Caesalpinia Bonduc (L.) Roxb. (C. crista of authors, not of Linnaeus,

1753, as typified by Dandy & Exell; Guilandina Bonduc L.; G. bonducel-

la L., 1762; C. bonducella (L.) Fleming), gray nicker bean, is wide-

spread, mostly as part of the coastal strand vegetation, in the tropics and

subtropics of both the eastern and western hemispheres. In Florida, it

occurs mostly along the coastal sand dunes and hammocks, at least from

Palm Beach on the eastern shore southward to Key West, north along the

western shore to St. Petersburg, and on offshore islands to Levy County.

Caesalpinia Bonduc is distinguished by large leaflets with acute to acumi-

nate apices, conspicuous, foliaceous stipules, an armature of stout prickles

and thin, straight bristles, and warm-gray seeds. Caesalpinia major (Medi-

cus) Dandy & Exell (C. Bonduc of authors, not of Linnaeus, 1753, as

typified by Dandy & Exell), yellow nicker bean, with inconspicuous or

no stipules, an armature of prickles only, and yellowish seeds, is also

widespread in both hemispheres, but it is not as common as C. Bonduc.

Small, Britton & Rose, and Long & Lakela attribute this species (as C.

Bonduc) to southern Florida, but no specimens that can definitely be

assigned to this species have been seen by the present authors. Caesalpinia

ovalijolia Urban (leaflets small, elliptical to suborbicular, with rounded to

emarginate apices; seeds spherical, yellowish) was also reported from

southern Florida by Small and Britton & Rose, but again there seem to

be no specimens from our area. This species belongs to a group largely re-

stricted to the West Indies; the taxonomy of the complex is unsettled.

Caesalpinia Bonduc, C. major, and C. ovalijolia belong to sect. Guilan-

dina (L.) Bentham & Hooker (Caesalpinia subg. Guilandina (L.) J. G.

Baker in J. D. Hooker), a very distinct group of perhaps 18 or fewer

species mostly of coastal strands in the New World. Species of sect.

Guilandina are trailing or scrambling shrubs with the stems and leaf

rachises armed with recurved prickles (rarely unarmed) ; the flowers are

imperfect and the plants dioecious; the staminate inflorescences are brac-

teate during anthesis; the fruits are usually echinate (rarely smooth),

elliptical or oval, laterally compressed, few-seeded, and nonseptate, with

rigidly chartaceous valves that dehisce completely along the placental

suture and apically along the abaxial suture; and the seeds are rather

large, hard, globose to ovoid, slightly flattened or not, and usually col-

ored gray, yellow, orange-brown, or black. The seeds float in seawater

and may be transported long distances by ocean currents (see Gunn and

Ridley).

Caesalpinia pauciflora (Griseb.) C. Wright, of sect. Caesalpinia, oc-

curs in pinelands on the northern part of Big Pine Key, Monroe County,

Florida, that is underlaid by Miami oolitic limestone; it also occurs in

Cuba and Hispaniola. This species is a small shrub (becoming a small

tree in Cuba) with two prickles at each node; numerous small, ovate or

elliptic leaflets; small, yellow, perfect flowers with petals and stamens

that more or less equal the calyx lobes (the flowers evidently do not

open very widely, at least in Florida) ; and small, smooth, flat, elongate,



1976] ROBERTSON & LEE, CAESALPIXIOIDL

Figure 2. Caesalpinia sections Caesalpinia .a-j) and Caesalpmam (k 1).

a-j, C. paucifiora: l, tip of branch with bipinnately compound leaf and in-

florescence, X 1/^; b, one pinna of leaf - note small spines at base X /
,
C

side view of flower, calyx lobes and one wing and one keel petal remoyea, A
^,

d, "exploded" view of flower, X 3; e, lower stamen, X 5; f, .5^^°"^^"^
'^^Jl

g, off-center vertical section of ovary showing parietal ovules in z rows, a ,

h, fruit before dehiscence, X 1; i, seed and funiculus, X 3; J-
^f^7°^ '^.''-^e

1, C. pulcherrima: k, flower -note clawed bamier petal, X 2; 1,
fruit, one
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nonseptate fruits that dehisce completely along both sutures, the valves

then becoming twisted.

The taxonomy of sect. Caesalpinia is problematical, and it is not

clear how many species belong to it. The type species of the genus, Cae-

salpinia brasiliensis, is a very poorly known species endemic to Haiti.

Linnaeus's inclusion of three elements in this species (see footnote 4)

has caused considerable confusion. Urban (p. 280) effectively lectotypified

the species by the plate in Plumier. Plants related to C. brasiliensis, in

addition to C. pauciflora, include about a dozen described species of the

Greater Antilles and the Bahama Islands and C. sessilijolia S. Watson,

of Durango and Coahuila, Mexico. Caesalpinia brasiliensis (as C. Crista

L.) was included in sect. Sappania DC. by De Candolle and by Taubert

in Engler & Prantl.

Caesalpinia pulcherrima (L.) Sw. {Poinciana pulcherrima L.), pride

of Barbados, of sect. Caesalpinaria Bentham & Hooker, is a beautiful

shrub or small tree that is widely cultivated and naturahzed throughout

the tropics and subtropics. In our area, it persists after cultivation and

also reproduces from seed in southern Florida. Brenan suggests that

this .species is a native of tropical America; others attribute it originally

to tropical Asia. The rather large flowers are in elongate terminal ra-

cemes (some also axillary). The pedicels are several times the length

of the petals, and the stamens are greatly exserted. When the flowers first

open, the keel and wing petals are red with yellow margins, and the small

blade of the clawed banner petal is entirely yellow. Later, the yellow

color disappears, and the flowers are then entirely red. The shade of red

varies from bright red to scarlet or orange-red, and there are plants with

flowers that are entirely and permanently yellow. The smooth, unarmed,
laterally flattened fruits of C. pulcherrima, like those of sect. Caesal-
pinia, dehisce completely along both sutures, with the valves then becom-
ing twisted. One of the valves usually remains attached to the pedicel.

There are several transversely arranged, obovate, compressed, dark brown
seeds in each fruit; the seeds are separated from one another by well de-

veloped septae.

Other exotic species possibly naturalized in Florida include Caesalpinia

Gilliesii (Wall, ex Hooker) Dietr., bird-of-paradise or paradise poinciana,

a native of South America (see Vines) ; C. Sappan L., of India and Burma
[McFarlin 4212 (a). Winter Haven, Polk County, Florida); and C.

Crista, as typified by Dandy & Exell {Ticanto Nuga (L.) Medic). A
number of other species are grown as ornamentals in our area.

The bark of a number of species of Caesalpinia, particularly C. coriaria

(Jacquin) Willd., divi-divi, C. digyna Rottl, C. spinosa (Mol.) O. Ktze.,

tara, and C. melanocarpa Griseb., are rich in tannins and are used both

locally and commercially in the tanning of leather. Dyes are obtained

from the fruit, bark, and wood of several species. Beautiful hardwoods
that come from species of Caesalpinia include pernambuco wood (a type
of Brazil wood) from C. echinata Lam.; sappan wood (another kind of

Brazil wood) from C. Sappan L.; partridge wood from C. Granadillo
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Pittier; and a type of ironwood from C. ferrea Mart. Decocts of various

plant parts from numerous species of Caesalpinia are used as herb reme-

dies. The seeds of species of sect. Guilandina are made into jewelry.

Several species, including C. pulcherrima, C. Gilliesii, and C. decafetala

(Roth) Alston, are commonly cultivated in tropical and subtropical re-

gions. The bark of C. eriostachys Bentham and the stems and pulp of

the fruits of C. Crista (C. Nuga L.) are used to stupefy fish.
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2. Delonix Rafinesque, Fl. Telluriana 2: 92. 1836.

Small to medium-sized unarmed trees with broad, rounded crowns and

arching branches, the crown spread greater than height of tree, deciduous

for brief periods or evergreen; twigs pubescent, with prominent lenticels;

trunks buttressed at base; bark gray-brown, smooth, with many lenticels.

Leaves alternate, evenly twice pinnate, with 10-25 pairs of pinnae, fair-

ly large, the petiole with a basal pulvinus; pinnae opposite, with 12-40

pairs of leaflets and a basal pulvinus; leaflets opposite, quite small, finely

pubescent on both surfaces, rounded at base and apex, nearly sessile,

with a pulvinus; stipules simply or incompletely twice pinnate [or simple

and subulate], caducous. Inflorescences elongate, several-flowered ra-

cemes at tips of growth of the season, overtopping the leaves; pedicels

long, stout, articulated at each end; bracts ovate, with tapering apices,

caducous. Flowers very showy, large, scarlet or red to orange, perfect,

appearing with or before the leaves. Calyx lobes 5, green on abaxial

surface, red with yellow border on adaxial surface, equal, thick, free,

spreading, half as long as the petals, valvate in aestivation; calyx cup

very short. Petals 5, long-clawed, becoming reflexed with age, wing and

keel petals ± equal, the banner petal larger. Androecium of 10 long-ex-

serted stamens, all fertile; filaments slightly unequal in length, free to

the base, curving adaxially, basally pubescent; anthers yellow and red,

dorsifixed, versatile. Carpel shortly stipitate, inserted in center of small,

nectiferous receptacle; ovary elongate, pubescent; style equaling or ex-

ceeding stamens, curving adaxially; stigma punctiform; ovules numerous.

Fruits pendulous, septate, large (sometimes more than 0.6 m.), strap-

shaped, straight or slightly scimitar-shaped, laterally compressed, woody,

long-persistent, eventually opening along both sutures. Seeds numerous,

sunken in transverse depressions in valves, narrowly [or broadly] ellip-

soid, somewhat laterally flattened, red-brown, with lighter areas on each

face; seed coat hard; embryo elongate, laterally flattened; endosperm
present. Base chromosome number 24, 28. Type species: Poinciana

regia Bojer ex W. J. Hooker = D. regia (Bojer ex W. J. Hooker) Raf.

(Name derived from Greek delos, evident, and onyx, claw, in reference

to the petals.)

A genus of three species, Delonix regia (a native of :Madagascar, evi-

dently rare in nature, widely cultivated throughout the tropics), D. data
(L.) Gambel (eastern Africa, southwestern Asia, India), and D. Buccal
(Chiov.) Baker f. (eastern Africa). Capuron recently reduced Aprevalia
Baillon to a section of Delonix, including in it seven species of Madagascar
that had mostly been placed previously in Aprevalia or Poinciana.

Delonix regia, flamboyant, flamboyan, or royal poinciana, one of the

most spectacular ornamental trees of the tropics, is commonly planted
in southern Florida, and it is occasionally spontaneous in hammocks and
pinelands. The trees are deciduous in areas where there is a distinct dry
season, with the flowers appearing at the tips of the new growth of the
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season on the seemingly bare trees. In our area, where rainfall is more
uniform throughout the year, although the winters in Florida are dry, this

species is mostly evergreen and the flowers overtop the leaves of the

previous year. There are several color forms, with the overall color of

the flower being scarlet, red, or orange. The calyx lobes are green on the

abaxial surface and red (to orange, depending on the form) with yellow

margins on the adaxial surface. The lateral and lower petals are red,

with rather faint yellow streaks at the bases of the blades. The banner

petal has red margins, with the central portion of the blade white with

red streaks and the base of the claw bright j^ellow streaked with red.

The banner petal evidently functions as a signal to pollinators, since it

is fully expanded at an thesis, but the lateral margins soon roll inward

and the white and yellow fade to red. This petal often falls from the

flower before the wing and keel petals.
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3. Gymnocladus Lamarck, Encycl. Meth. Bot 1: 733. 1785 ('1783').

Unarmed deciduous trees with narrow, rounded crowns; trunks forking

into few, ascending main branches; branchlets stout, blunt, with a large

pinkish pith; bark initially smooth, lenticellate, becoming very rough,

with large plates attached along one side, and finally thick, with numerous,

flat scales; axillary buds 2, superposed, in pubescent depressions; ter-

minal bud absent; leaf scars large, irregularly cordate [or V-shaped],

with 3-5 [-13] rather indefinite bundle scars. Leaves large, mostly

evenly bipinnate, long-petiolate, the petiole with a basal pulvinus; pin-
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nae many-foliolate, the lower 1 or 2 pairs often reduced to single leaflets;

leaflets shortly petiolulate, ovate to elliptical, with acuminate apices, en-

tire margins, and slightly oblique bases; stipules lanceolate, caducous;

stipels absent [or minute, awl-shaped, persistent]. Inflorescences erect

[or drooping] racemes or panicles terminating growth of the year and

from buds on wood of last year, those composed of carpellate flowers

more elongate and racemose than those composed of staminate flowers;

bracts and bracteoles small, caducous. Flowers regular, strongly fragrant,

perfect or imperfect, the plants dioecious to occasionally polygamous.

Calyx lobes 5, subequal, lanceolate, with acute apices, equaling and the

same color as the petals, valvate in aestivation, but incompletely inclosing

the petals; floral tube narrowly campanulate, 10-ribbed, pubescent and

dark reddish purple without, lined with nectariferous tissue. Petals 5

(rarely 4), greenish white, sometimes dark reddish purple on the abaxial

surface, pubescent, narrowly oblong with obtuse or acutish apices, keeled,

imbricate in aestivation, inserted around opening of floral tube. Stamens

10, in 2 whorls of 5; filaments alternately long and short, free to the

base, inserted as the petals; anthers dorsifixed, bright yellow or orange,

polliniferous in staminate flowers, without pollen in carpellate flowers.

Carpel well developed in carpellate flowers, variously reduced or rudimen-
tary in staminate flowers, sessile or shortly stipitate, many-ovulate, inserted

at base of floral tube; style short, stout, erect, exserted beyond anthers

in carpellate flowers; stigma oblique, dilated, bilobed [or capitate].

Fruits pendent, obliquely stalked, laterally compressed, variously ovate,

ellipsoid, oblong, or ± falcate, 1-several-seeded, dehiscent along pla-

cental suture (but seeds retained in fruit), some persistent on trees

through winter; valves dark reddish brown, glaucous or shiny, woody,
smooth [or transversely ridged and grooved]; pulp surrounding seeds

green, bitter, poisonous. Seeds large, compressed, broadly ovoid to obo-
void or round, dark reddish brown, attached by a stout funiculus; seed
coat thick, hard; embryo surrounded by a layer of cartilaginous endo-
sperm. Germination hypogeal; juvenile leaves once pinnate. Base chro-

mosome number 14. Lectotype species: G. canadensis Lam. = G.
dioicus (L.) Koch; typified by the removal of G. arabica Lam. to Mo-
ringa Adanson by Fersoon, Syn. PI. 1: 461. 1805; see also C. S. Sargent,

Silva 3: 67. 1892. (Name derived from Greek gymnos, naked, and klados,

a branch, alluding to the stout branches destitute of foliage for many
months.-^) — Coffee-tree.

A small genus of eastern North America and eastern Asia (the only
genus of the Caesalpinioideae confined to these two regions), with Gymno-
cladus dioicus in eastern North America; G. chinensis Baillon in central

cording to Articl

take the gender
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and southeastern China;

and southeastern Yunnan
Lower Burma.

Gymnocladus dioicus, Kentucky coffee-tree, 2n - 28, a tall tree with

a few ascending branches and a narrow crown, stout twigs, and evenly

bipinnate leaves that, considering their length, are among the largest of

any tree in eastern North America, is native primarily to the west of the

Appalachians from central New York to southeastern Ontario, Wisconsin,

and southeastern South Dakota, southward to Kentucky, Tennessee, Ar-

kansas, and Oklahoma; it is widely cultivated and has become naturalized

to the north, south, and east of its original range. The species occurs

mostly in low or rich woods as isolated trees or small colonies of widely

separated individuals produced from root suckers sent up some distance

from the parent tree; associated species include Juglans nigra (black

walnut), Acer saccharum (sugar maple), Tilia americana (basswood),

Asimina triloba (pawpaw), Ulmus rubra (slippery elm), Fraxinus guad-

rangulata (blue ash), Populus deltoides (cottonwood), and Quercus

rubra and Q. alba (red and white oaks). Indians and early settlers some-

times planted G. dioicus near their dwellings, and the scattered distribu-

tion of the species is sometimes attributed to this practice. Gymnocladus

dioicus is one of the last trees to expand its leaves in spring and the

earliest to shed them in autumn, the leaflets turning yellow and falling

from the rachis, which drops later.

The highly fragrant geraniol-scented flowers of Gymnocladus dioicus

are moderately large, but they are greenish, not showy, and mostly ra-

dially symmetrical, with a long floral tube (containing abundant nectar).

The petals and calyx lobes are about equal in length. The aestivation

of the calyx is unusual in that it is incompletely valvate, with the lateral

margins of the lobes not touching each other and the petals thus visible

between them (Figure 3c). There are evidently two basic types of

flower, each confined to different trees. Functionally staminate flowers,

borne in compact panicles, have polliniferous anthers and a variously re-

duced but sterile gynoecium (Figure 3f, g). Morphologically perfect but

mostly functionally carpellate flowers (the anthers lacking pollen) oc-

cur in elongate racemes or lax panicles (Figure 3b, h). Studies of the

breeding system of G. dioicus in nature are lacking, but observations on
several living trees cultivated in the Boston area and data from her-

barium specimens indicate that this species is mostly dioecious, with

some degree of polygamy. Two trees in the Arnold Arboretum that bear

morphologically perfect flowers consistently set fruit, even though pollen

appears to be lacking and there are no known staminate trees within a
radius of several miles. The Asiatic species also appear to be predominantly

dioecious.

The broad, elongate, somewhat compressed, reddish-brown fruits of

Gymnocladus dioicus are retained on the tree after the leaves have fal-

len, with some remaining through winter. While the fruits are on the

tree, or after they have fallen, the leathery-woody valves open slightly
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Figure 3 G>nin<)tladus. a-m G diaicus. a, winter twig, buds buperposed.
terminal buil 'b-ent 1, b tip of flowering branch, lea\es bipinnately com-
pound, X M, c, flower bud, calyx lobes not completely covering petals, X 2;

d, diagrammatic cross section of flower bud to show aesti^ ,
"

gynoecium not shown, inflorescence axis represented by circle

adaxial petal is innermost, X 2; e, functionally staminate flower,

in vertical section to show relationship of stamens and sterile
f
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along the placental suture, but the seeds are retained in the pod and
are released only when the fruit is eaten by animals or when the valves

decay. The seeds are surrounded by a green, sticky, bitter-tasting

pulp. The large, compressed-globose seeds have a thick seed coat and

may remain in the ground for many years before germinating.

About ten extinct species of Gymnocladus , mostly fossil leaf and fruit

compressions, have been described from the central and western United

States, Mexico, Europe, and China.

The fruits of Gymnocladus are rich in saponins, and those of G. chi-

nensis and G. assamicus have been used for various washing purposes both

in eastern China and among the Khasis in Assam, India. In a recent

study of the chemical nature of the saponins and their sapogenins in G.

dioicus, G. chinensis, and G. assamicus (Lee & Parkhurst, unpublished

data), four major triterpenoid aglycones were found, with only minor

quantitative differences between the species. The four compounds are

different from, although structurally similar to, those found in species

of Gleditsia. Saponin extracts from fruits of G. chinensis have blastocidal

activity, and very low concentrations can terminate pregnancy in rats.

This effect may be due to the cytotoxic action of the saponins on rapidly

dividing embryonic cells (Parkhurst, pers. comm.).

The Pawnee and Meskwaki Indian tribes reportedly roasted the seeds

of Gymnocladus dioicus like chestnuts for food, and early European set-

tlers tried using the seeds as a coffee substitute. The wood of G. dioicus

has been used locally for cabinet work and also for fence posts, since it is

resistant to decay. This species is occasionally cultivated in parks and

yards. People sometimes unwittingly plant this species, mistaking its

seedlings for those of Juglans nigra, black walnut.

Under subfamily references see Atchison (1949), AUBREVILLE (1975),

Berry, Fordham, Fox & Soper, Graha;M, Guignard, HOSIE, Hostetter,

J. N. Martin, Sargent, Stephen:s, and U. :5. Departmentr OF Agriculture.

Anonymous. Kentucky coffee-tre^e, Gymnocladus dioicus. Mortoi1 Arb,, Quart.

5: 46, 47. 1969. [Illustrations5.]

Featherly, H. I. Growth studie.3 on Gynmocladus dioii:a (L.) Kod1. Proc.

Okla. Acad. Sci. 20: 39-41. 1 pi. 1939 [1940].

Horr, W. H. Some studies on the structure and behavio r during
;
gernlination

of Gymnocladus canadensis '.Lam. UniV. Kansas Sci . Bull. 17: 3 31-365.

Lee, Y. T. The genus Gymnocladus and its tropical affinity. Jour. Arnold

Arb. 57: 91-112. 1976.

g, portion of staminate flower with highly reduced gynoecium, X 2 ; h, function-

ally carpellate flower in vertical section, anthers without pollen, X 2 ; i, mature

fruit dehiscing along adaxial (placental) suture, one seed visible, X Vr, j,

fruit, one valve removed, seeds surrounded by fleshy pulp (unshaded), X Vi',

k, seed with long funiculus, X 1 ; 1, cross section of seed, seed coat hatched,

endosperm even-stippled, cotyledons unshaded, X 1 ; m, embryo, one cotyledon
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PoHL, R. W. An endospermous dicotyledon seed for botanical instruction.
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Raleigh, G. J. Chemical conditions in maturation, dormancy, and germina-
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4. Gleditsia Linnaeus, Sp. PI. 2: 1056. 1753; Gen. PL ed. 5. 476. 1754.

Deciduous trees with open crowns [or shrubs] ; trunks and branches

usually armed with stout, simple or branched thorns; branches zigzagged,

apically thickened; bark smooth, becoming lenticellate and eventually

deeply fissured, with the ridges curved outward on one side; buds minute,

several, superposed, the terminal bud absent; leaf scars irregularly U-
shaped with 3 bundle traces. First leaves of the year (those preformed

in buds of the previous year) evenly once pinnate, apparently fasciculate,

the internodes short; later leaves evenly bipinnate with much longer in-

ternodes; leaflets small to medium-sized, numerous, subopposite to alter-

nate, with crenate (rarely entire) margins and slightly oblique bases;

stipules minute, caducous. Inflorescences axillary, solitary, or fascicled

racemes [occasionally panicles] usually appearing with first leaves of

the season; staminate inflorescences with numerous, congested flowers,

the carpellate and perfect inflorescences lax, with fewer flowers; bracts

scalelike, caducous. Flowers small, regular, perfect or imperfect, the

plants polygamous to dioecious. Calyx lobes 3-5, subequal, colored like

and as large as the petals, deciduous, valvate in aestivation, but incom-
pletely inclosing petals; floral tube campanulate, lined with nectariferous

tissue. Petals as many as the calyx lobes, subequal, not clawed, greenish

to creamy white, inserted at margin of floral tube, imbricate in aestivation.

Staminate flowers with 4-6 [-10] exserted stamens; filaments fihform,

free to base, pubescent below, inserted at apex of floral tube; anthers

subequal, dorsifixed; gynoecium rudimentary or absent. Carpellate

flowers with 4-6 [-10] staminodia, the anthers small to aborted, lack-

ing pollen; gynoecium sessile or very shortly stipitate, inserted at

base of floral tube; style short, oblique; stigma prominent, dilated, bi-

lobed, rt perpendicular to axis of flowers; ovules 2-many. Perfect flow-

ers similar to carpellate ones, except some anthers polliniferous. Fruit

stipitate, strongly flattened laterally [or merely compressed], broadly
elliptical and one-seeded or elongate, many-seeded, and variously straight,

falcate, undulate, or twisted; pericarp chartaceous [to woody], smooth or

conspicuously veined, sometimes glaucous, indehiscent or tardily dehis-

cent; pulp present or absent. Seeds transverse in fruit, separated by mem-
branaceous septae or not, broadly ellipsoid to subquadrate, compressed;
seed coat light brown to greenish brown, thin; embryo surrounded by
thick layer of cartilaginous endosperm. Germination epigeal, juvenile
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leaves once pinnate. Base chromosome number 14. Type species: G.

triacanthos L. (Name commemorating J. G. Gleditsch, 1714-1786, Ger-

man botanist; spelling sometimes erroneously altered to Gleditschia or

Gleditzia.) — Honey locust.

A small genus of about 14 species disjunct in four regions: two or

three species in eastern North America; Gleditsia amorphoides (Griseb.)

Taub. in northern Argentina and adjacent Uruguay, Paraguay, and

Brazil; G. caspica Desf. in the area surrounding the Caspian Sea; G.

assamica Bor, a very poorly known species from northeastern India;

and eight species in Asia from eastern, central, and southwestern China

to Korea, Japan, Vietnam, and the Philippine Islands. G. ajricana Ben-

tham (Senegal to the Sudan Republic, south to Zambia, Rhodesia, and

Southwest Africa) is now considered to be a species of Erythrophleum

R. Br. (see Brenan, 1967, subfamily references).

Gleditsia triacanthos, honey locust, 2n ~ 28, characterized by the in-

dehiscent, elongate, many-seeded fruits with the seeds surrounded by a

sweet pulp and separated by membranaceous septae, is a common tree

of the midwestern United States, where it occurs in a variety of habitats,

from moist woods along rivers and streams to dry or upland slopes and

pastures. The natural distribution of this species is from western New
York and extreme southwestern Ontario (introduced?) to southeas-

tern South Dakota southward to eastern Texas and along the western

edge of the Appalachian iMountains to northwestern Florida. G. tri-

acanthos is widely cultivated and has become naturalized east of the

Appalachians from South Carolina to New England and Nova Scotia and

perhaps also to the west of its original range. Gleditsia aquatica Marsh.

{G. monosperma Walt.), water locust, 2n = 28, is largely ecologically

and geographically isolated from G. triacanthos, occurring in swamps and

low wet woods and along the borders of bayous and sloughs on the Coastal

Plain from eastern South Carolina to central Florida and eastern Texas

and northward in the Mississippi and Ohio River valleys to Missouri,

Kentucky, Illinois, and Indiana. The fruits of G. aquatica are mostly one-

seeded, short, tapering-elliptical in outline, strongly flattened, light in

weight, without pulp, and tardily dehiscent.

Plants with fruits intermediate between those of Gleditsia triacanthos

and G. aquatica were first discovered in Brazoria County, Texas, by Sar-

gent, who named them G. texana; he later suggested that these inter-

mediate forms might be of hybrid origin. Similar plants have since been

found in scattered areas in Indiana, Arkansas, Mississippi, and Louisiana

(evidently always in the area where the distributions of G. triacanthos

and G. aquatica overlap). The taxonomic disposition of these plants dif-

fers, some authors placing them within the range of variation of G. tri-

acanthos (see illustration on p. 533 of Vines, subfamily references, for

variations that occur in Brazoria County, Texas), others recognizing

them as a distinct species, G. texana, and still others considering them to be

Fi hybrids, G. X texana Sargent (pro. sp.).
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Simple to complexly branched thorns, generally considered to be modi-

fied lateral branches, are found on the twigs, branches, and/or trunks of

all species of Gleditsia. The abundance and size of the thorns vary

greatly, both on the same individual and between individuals of the same

species. In G. triacanthos the thorns decrease in frequency toward the

a-j, G triacanthos: a, tip of branch with staminate
lote once pinnately compound leaves on short shoots, X H;
LT with 4 stamens, X 3; c, carpellate flower, X 3 ; d, same in

-note perigynous insertion of calyx lobes, petals, and stamens

embryo from soaked seed,
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top of the trees, and "thornless" trees may be produced by grafting buds

taken from near the top of a tree onto normal rootstocks. Included in

G. triacanthos I. inermis (L.) Zabel are the various "thornless" cultivars,

but none of these plants are totally devoid of thorns.

Very little is known about the root systems of the species of Gleditsia.

Gleditsia triacanthos produces a strong taproot and a profusely branched

lateral root system that penetrates the soil to a depth of 10 to 20 feet.

The root system of G. aquatica is apparently adapted to swampy condi-

tions. No root nodules have been reported in Gleditsia.

The flowers are usually imperfect, but they are sometimes perfect. In

Gleditsia triacanthos individual trees evidently may have only staminate

flowers, carpellate/perfect flowers, or all three types of flowers. Branches

of a tree tend to have only one type of flower. Since herbarium specimens

are usually prepared from a single branch, only extensive field studies can

ascertain the degree of polygamy or dioecism in this species. However,

the situation in G. triacanthos and other species in the genus may be con-

sidered as an intermediate step toward complete dioecism.

The fruits of Gleditsia vary considerably from species to species. Two

groups may be recognized, species with fruits that contain pulp and

those in which it is lacking. Some of the pulp-containing fruits are woody

and subcylindrical; others are chartaceous and strongly laterally coni-

pressed. The very light fruits of G. aquatica are probably dispersed pri-

marily by wind and water. The fruits of G. triacanthos are larger and

heavier, but they are still capable of being carried by wind and water.

Aloreover, the fruits and/or seeds of G. triacanthos are readily eaten by

cattle, squirrels, rabbits, and rats, with some of the seeds passing intact

through the animals' digestive tracts.
.

The fruits of Gleditsia are rich in saponins, and the pods of G. stnensts

Lam., G. japonica Miq., and G. jera (Lour.) xMerr. are used as soap sub-

stitutes in China, Japan, and Indochina. Preliminary analyses indicate

that eight major' triterpenoid sapogenins or aglycones are found m G.

triacanthos, G. sinensis, and G. officinalis Hemsley, with oleanolic acid

and echinocystic acid (identification tentative) being the predominant

compounds (Parkhurst & Lee, unpublished data). Although final separa-

tion and identification of these compounds are pending, it is clear that all

three species have the same set of sapogenins. It is noteworthy that Gledtt-

sia evidently shares no major sapogenins with Gymnocladus.

A chromosome number of 2n = 28 has been reported in Gleditsia

amorphoides, G. aquatica, G. Jera (southern China and Vietnam), G.wt-

crophylla Gordon ex Y. T. Lee « (central China), G. japonica (as G. hor-

rida Willd., northeastern China, Korea, and Japan), G. 7 sinensts, ana u^

triacanthos. Recent studies on Asiatic species of Gleditsia by Y. l. i-ee

indicate that both G. sinensis (eastern and central China) and G. austrahs

« Gleditsia microphylla Gordon ex Y T. ^ee. nom. nov. C^/^e...^^^^^^^^^^^^^^

Mem. Acad. Sci. St. Petersbourgh Savants £tr. 2: 29. 1833 not G. htteropKym^^i.

Fl. Ludovic. 99. 1817. Tvpe: China, in mountains near Lun-Zuan-ssy and Ss.-jiu-



30 JOURNAL OF THE ARNOLD ARBORETUM [vol. 57

Hemsley (southern China and Vietnam) share the same diploid number

as the others.

Some 40 extinct Gleditsia or Gleditsia-Vike species have been reported

in the literature. These fossils are mostly compressions of leaflets, thorns,

fruits, or silicified wood; no microfossils have been found. Fossils of

Gleditsia have been found in places outside the present range of the genus

(e.g., Europe and western North America), indicating a much wider dis-

tribution of the genus in the past.

Gleditsia triacanthos is widely cultivated as an ornamental in the United

States, especially in those areas where Ulmus americana has been seriously

affected by the elm disease (Ceratocystis ulmi). It is also commonly culti-

vated in Europe and Asia (for names of cultivars see Wagenknecht. 1961).

The pulp around the seeds of Gleditsia triacanthos is sweet, and the

pods are used as a trail food and an ingredient in folk beers. Wild ani-

mals and cattle readily eat the pods. The thorns on the trunks and

branches of this species Jiave been used as sewing needles, as tools for

carding wool, and, when tied to sticks, as weapons by country people for

hunting bullfrogs (Steyermark, Fl. Missouri, p. 873). The wood of G.

triacanthos is very strong and durable and has been used for fence posts

and railroad ties. The Cherokee Indians of Tennessee reportedly made
bows from the wood of this plant. The wood of G. aquatica is also strong

and durable. It is used for fence posts and has qualities that would

make it a fine cabinet wood.

Under subfamily referenc(

Berry, Fordham, Fox & So
FREY, J. N. Martin, Martii

Cavazza, L. Recherches sur Fimpern

mineuses. Ber. Schweiz. Bot. Ges
Cerezo, A. S. The constitution of a

j

amorphoides. Jour. Organic Chem. 30: 924-927. 1965.

Chaden'son, M., L. Molho-Lacroix, D. Molho, & C. Mentzer. Sur les

constituants flavoniques du fevier (Gleditschia triacayithos) . Compt. Rend.
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5. Parkinsonia Linnaeus, Sp. PL 1: 375. 1753; Gen. PL ed. 5. 177.

1754.

Armed evergreen shrubs or small trees, branching near base, with broad,

very open crowns; branches slender, often pendent, slightly zigzagged;

bark thin, yellow-green, smooth, eventually becoming reddish brown and

breaking into small flakes or plates; buds solitary or superposed. Leaves

alternate, evenly twice pinnately compound, with 2, infrequently 4 or 6,

opposite pinnae on a very short main axis that terminates in a spine (the

whole leaf appearing as 2 or more simply pinnate leaves) ; rachis of pin-

nae elongate, flattened, narrow, persistent, and phyllodial; leaflets op-

posite to partly alternate, sessile, numerous, small, deciduous; stipules

spinescent, persistent or caducous; axillary leaves lacking spines, some-

times produced in fascicles from axils of primary leaves. Inflorescences

solitary or fascicled, slender, elongate, several-flowered racemes axillary

on growth of the year, appearing with the leaves; pedicels slender, about

as long as the diameter of the flowers, jointed just below them, subtended

by a small, scalelike, caducous bract. Flowers perfect, moderate-sized,

showy, fragrant. Calyx synsepalous, the lobes 5, equal, narrowly tri-

angular, reflexed at anthesis, strongly imbricate in bud, deciduous; calyx

cup shorter than lobes, obliquely campanulate, persistent. Petals 5, much
longer than the calyx lobes, nearly equal, bright yellow fading to red-

dish, spreading, shortly clawed, slightly erose, the banner petal with

conspicuous red spots and a longer, basally glandular claw. Androecium
of 10 stamens in 2 series of 5, shorter than the petals; filaments free to

the base, the one opposite banner petal enlarged at base, gibbous on
abaxial side; anthers dorsifixed, versatile. Gynoecium shortly stipitate,

pubescent when young; style slender, curving adaxially, equaling or slight-

ly exceeding stamens; stigma minute; ovules numerous. Fruits pendent,

cylindrical, constricted externally between and beyond the seeds (toru-

lose), tapering at both ends, the wall rather thin, longitudinally striate,

the exocarp separating in strips from the endocarp, supposedly tardily de-

hiscent by 2 valves. Seeds few, widely spaced, longitudinally arranged,

oblong, slightly flattened, smooth, brown; seed coat thin; endosperm
abundant on either side of embryo; embryo bright yellow, the cotyle-

dons flattened, broadly ellipsoid, auriculate at base, the radicle short,

broad, straight. Base chromosome number 7. Type species: P. aculeata

L. (Name commemorating John Parkinson, 1567-1650, English florist,

apothecary, herbalist, and author.)

—

Jerusalem-thorn.

One or more species of southwestern North America and perhaps also

of Central and South America and Africa. The generic limits have been

variously interpreted. Watson (1876) considered the differences between
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Parkinsonia and Cercidium Tulasne (nine taxa currently recognized by
Carter; Texas, Sonoran Desert to Peru and Argentina), to be insignificant

and merged the two under Parkinsonia. Sargent reestablished Cercidium

and recognized two American species of Parkinsonia (P. aculeata and P.

microphylla Torrey) and one species from southwestern Africa (P. africana

Sonder). The two genera were redefined by Johnston, who considered

Parkinsonia to include only P. aculeata and P. africana and Cercidium

to be composed of nine species (including C. microphyllum (Torrey) Rose

& Johnston, which was later segregated by Britton & Rose as the mono-
typic genus Cercidiopsis). While reviewing some African members of the

Caesalpinioideae, Brenan concluded that Peltophoropsis scioana Chiov.,

of East Africa, along with a new species also from East Africa, and the

American species of Cercidium (including Cercidiopsis) were best included

within Parkinsonia. Carter (1974a) pointed out that a satisfactory reso-

lution of the generic relationships in this group of plants can only be

reached after they have been studied biologically, morphologically, cy-

tologically, and genetically. She added, however, that ''Cercidium forms

a discrete . . . unit confined to the Americas" and that "study of

Brenan 's comparative chart . . . shows that among the taxa included,

Parkinsonia aculeata is the most discordant element." Carter suggested,

furthermore, that ''Parkinsonia be considered a monotypic genus com-
prised of P. aculeata Linnaeus" and that "the relationships of the three

African species {P. africana, P. anacantha, and P. scioana) be considered

further before accepting them as congeneric with Parkinsonia and Cerci-

dium as proposed by Brenan." Because of the varying concepts of Par-

kinsonia, the description given in the present treatment refers only to P.

aculeata.

Parkinsonia aculeata, Jerusalem thorn, horsebean, retama, Mexican

palo verde, 2n = 14, is probably indigenous to Texas, New Mexico,

Arizona, and Mexico. It is widely cultivated in warm climates throughout

the world, particularly in arid regions, and is prone to escape and become
naturalized. In our area, it is known at least from Beaufort County,

South Carolina, to Key West, Florida, and north and west to southern

Georgia and Louisiana.

Putative natural hybrids between Parkinsonia and Cercidium have been

reported by Carter & Rem from Sonora and Guerrero, Mexico (P. acu-

leata X C. praecox) and Texas {P. aculeata X either C. texanum or C.

macrum).

One of the most striking features of Parkinsonia aculeata is the foliage.

The leaves are evenly bipinnate, with one to three (rarely to six) pairs

of opposite pinnae on a short petiole and rachis. The axes of the pinnae

are strongly flattened, narrow, and quite long and drooping, giving the

plants a graceful appearance. Numerous, tiny leaflets are borne alter-

nately or oppositely along the edges of the pinnae; these fall during pe-

riods of drought, the axes of the pinnae evidently functioning as the

principal photosynthetic organ of the plant. The rachises of the pri-



34 JOURNAL OF THE ARNOLD ARBORETUM [vol. 57

mary leaves (those leaves produced along the current year's growth of

a long shoot) are modified into stout, unbranched spines that persist

on the branches after the pinnae are shed. On some plants the stipules

that subtend primary leaves also are spinescent. Spine-tipped rachises

and stipules are not usually found on the secondary leaves (those pro-

duced in fascicles on short shoots in the axils of primary leaves), and

no other types of spine are found in this species. Carter (1974) pointed

out that the primary leaves and spines of P. aculeata are different from

those of P. ajricana and species of Cercidium.

Under subfamily references see Adams, Aubreville (1975), Berger et ai,

Brenan (1965 and 1967), Graham, Little & Wadsworth, P. S. Martin et

al., Sargent, and Smith.

Brenan, J. P. M. Notes on African Caesalpinioideae. Kew Bull. 17: 197-214.

1963. [The genus Peltophoropsis Chiov. and its relationships, 203-209;

Cercidium and Peltophoropsis included in Parkinsonia.']

Carter, A. M. The genus Cercidium (Leguminosae : Caesalpinioideae) in the

Sonoran Desert of Mexico and the United States. Proc. Calif. Acad. Sci.

IV. 40: 17-57. 1974a. [For a discussion of the relationships of Parkinsonia

and Cercidium see pp. 18-20, 50-54.]

. Evidence for the hybrid origin of Cercidium sonorae (Leguminosae:

Caesalpinioideae) of northwestern Mexico. Madroiio 22: 266-272. 1974b.

& N. C. Rem. Pollen studies in relation to hybridization in Cercidium

and Parkinsonia (Leguminosae: Caesalpinioideae). Ibid. 303-311.

CULTRERA, G. Osservazioni di anatomia fisiologica sui rami di Parkinsonia

aculeata L. Lav. Reale Inst. Bot. Palermo 1: 131-144. pi. 8. 1930.

Greene, R. A. Composition of the beans of Parkinsonia aculeata. Bot. Gaz.

94: 411-415. 1932.

Johnston, I. M. Taxonomic records concerning American spermatophytes.

I. Parkinsonia and Cercidium. Contr. Gray Herb. 70: 61-69. 1924.

Larson, D. A.. & C. W. Lewis, Jr. Fine structure of Parkinsonia actdeata

pollen. I. The pollen wall. Am. Jour. Bot. 48: 934-943. 1961.

& . Pollen wall development in Parkinsofiia actdeata. Grana
Palynol. 30): 21-21. pis. 1-6. 1962.

Nair, N. C, & S. Kahate. Floral morphology and embryology of Parkinsonia

aculeata L. Phyton Buenos Aires 17: 77-90. 1961.

Sargent, C. S. Notes on some North American trees. V. Parkinsonia. Garden

Scott, F. M. The anatomy of Cercidium Torreyanum and Parkinsonia micro-

phylla. Madrono 3: 33-41. 1935. [See correction on p. 190, which states

that P. microphylla should be P. aculeata.']

. Lignification of xylem fibres in Parkinsonia aculeata. Ibid. 190-198.

Thorne, R. F. Vascular plants previously unreported from Georgia. Castanea
16: 29-48. 1951. [P. aculeata. p. 39.]
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Tribe Cassieae Bronn

6. Cassia Linnaeus, Sp. PL 1: 376. 1753; Gen. PL ed. 5. 176. 1754.

Shrubs, [trees,] or annual or perennial herbs [rarely scrambling or

climbing], unarmed [very rarely with prickles or thorns]. Leaves even-

ly pinnate [rarely absent and the branches then photosynthetic]
;
petioles

with an adaxial groove; leaflets 2 to many, small to large, sometimes sen-

sitive to touch, symmetrical or basally oblique, with a median, eccentric,

or marginal midrib [or several parallel veins] ; conspicuous sessile or

stipitate, variously shaped glands often present on petiole and/or rachis;

stipules bristlelike, subulate, linear, falcate, or leafy, persistent or ca-

ducous. Inflorescences axillary or terminal, few- to many-flowered, lax

or condensed racemes or terminal panicles or the flowers solitary; bracts

various, usually of 2 sets, one at base of floral axis, another subopposite

pair below each flower. Flowers perfect, rarely imperfect and the plants

then polygamous, sometimes enantiostylous, small to large and showy,

usually only slightly bilaterally symmetrical (except for the androecium).

Calyx lobes 5, ± equal [to strongly unequal], imbricate in aestivation;

calyx cup short to nearly absent. Petals 5 [rarely 1 or 2], nearly rotate,

db equal or some smaller, scarcely clawed, yellow (sometimes drying

white or pinkish) or less commonly pink, red, or white, sometimes with

basal nectar guides, conspicuously veined or not, imbricate. Stamens 10

[rarely reduced to 4 or 5], all fertile or some reduced to staminodes, the

fertile ones ± equal or strongly unequal; filaments long to short or nearly

absent, ± equal or strongly unequal, glabrous, free, terete [or with swol-

len areas] ; anthers basifixed or infrequently dorsilixed. dehiscing by
terminal pores or slits, rarely by basal pores or longitudinal slits, uniform

or the abaxial [or adaxial] ones larger, sometimes curved, often constricted

above with variously shaped apices. Ovary sessile or stipitate, elongate,

often curved, free of the calyx cup, with several to many ovules; style

short or elongate, usually curved; stigma terminal, small or rarely ciliate

or swollen. Fruits very variable, cylindrical to flat, [rarely winged], in-

dehiscent or dehiscent (sometimes elastically so) and opening along one

or both sutures or irregularly dehiscent, woody to coriaceous or mem-
branaceous, with or without septae, sometimes containing pulp. Seeds

mostly transverse, sometimes oblique or longitudinal, large to small, flat-

tened or not, ovoid to elongate, rhomboid, rectangular, or trapezoidal;

seed coat occasionally smooth, otherwise with fine lines, longitudinally ar-

ranged or scattered pits, or closed pleurograms; funiculus long or short.

Endosperm present. Embryo spathulate, with flattened or irregularly

folded cotyledons. Base chromosome numbers 7 and 8. (Including Adip-

era Raf., Chamaecrista Moench, Chamaesenna Raf., Ditremexa Raf.,

Emelista Raf., Peiranisia Raf., and Psilorhegma Britton & Rose.) Lec-

TOTYPE species: C. fistula L.'; see N. L. Britton & A. Brown, Illus. Fl.
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Xo. U. S. Canada ed. 2. 2: 335. 1913; see also A. S. Hitchcock & M. L.

Greene, Int. Bot. Congr. Cambridge Nomencl. Prop. Brit. Bot. 152. 1929.

(The Greek name of some (lauraceous?) aromatic plant; Theophrastus

applied this name to the plant now known as C. acutijolia L.)

One of the largest genera of Leguminosae. Bentham (1871) recognized

338 species in his study, the latest worldwide revision, and Irwin (1964)

estimated that there have been about 350 species described since that

time. The genus is most diverse in the tropics and subtropics, particularly

in the Americas. Some species of sections Oncolobium, Prososperma, and

Chamaecrista extend into the temperate regions of South and/or North

America. Cassia is very diverse morphologically, and Britton & Rose, fol-

lowing the precedent of Rafinesque, recognized 28 segregate genera as

native or introduced to North America. Such fragmentation has not been

accepted generally. The subgeneric classification scheme outlined by Ben-

tham, which has been shown to be a quite natural arrangement and is still

widely followed, is used here. Bentham's often quoted statement about

Cassia is worth repeating: "To botanists it presents an excellent instance

of a large, widely distributed, much varied, but well-defined group. So

natural, indeed, is the genus that, notwithstanding the great contrast in

habit between the splendid arborescent Fistulas and some of the weedy

herbaceous Prosospermas, or Chamaecristas, and although its principal

characters are derived from the pod and the anthers, which both present

more diversity than in any other Leguminous genus, yet there is hardly a

species which has ever, by any tolerably fair botanist, been falsely or care-

lessly included or rejected from the genus, except perhaps in the case of

a few garden seedlings which had not yet flowered."

Bentham subdivided Cassia into three subgenera, eight sections, two

subsections, and 30 series. In the southeastern United States, species

representing two subgenera and four sections occur indigenously, and

another two sections are represented by naturalized species. In addition,

a number of exotic species are cultivated in southern Florida; some of

these persist from cultivation and may eventually become naturalized.

Subgenus Senna Bentham (shrubs, trees, or herbs; foliar glands pres-

ent or absent; leaflets usually rather large; sepals obtuse; androecium vari-

able but usually with one abaxial and three adaxial staminodes, four short

fertile adaxial stamens, and two elongate fertile abaxial stamens; anthers

basifixed, the tips often constricted and elaborate, dehiscing by apical

pores or chinks ; fruits variable, dehiscent or not, often with a longitudinal

septum, rarely with pulp; seeds usually with a distinct pleurogram on each

face, rarely smooth) is represented in our area by nine species in five
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of petiole; fruits subcylindric to compressed; seeds transverse or oblique).

The closely related Cassia marilandka L. (C. Medsgeri Shafer) and C.

hebecarpa Fernald [Ditremexa marilandka sensu Britton & Rose; C. 7nari-

landica of authors, not L.), both commonly known as wild senna, are

perennial herbs with 10-20 elliptical to slightly ovate, apically mucronate

leaflets per leaf and blackish, elongate, strongly flattened fruits. Cassia

marilandica can be distinguished from C. hebecarpa by the short-appressed,

rather than densely long-villous, indument of the ovaries; by the glabrate

or short-hirtellous fruits with segments much shorter than broad, rather

than loosely villous fruits with segments as long as broad; and by the

plump, obovoid, rather than flattened, quadrate seeds. Cassia marilandica

is widespread in our area, occurring from Pennsylvania to Iowa, south to

Florida and Texas. Cassia hebecarpa is more northeastern in its distribu-

tion, ranging from New England to Wisconsin, southward to North Caro-

lina, eastern Tennessee, northern Georgia, and Alabama.

Cassia occidentalis L. {Ditremexa occidentalis (L.) Britton & Rose),

coffee senna , 2n = 28, a tall annual herb with 6-12 tapering-ovate leaflets

per leaf, globose petiolar glands, and elongated, compressed fruits with

thickened sutures, is a native of tropical Central and South America that

has become naturalized from Florida to Texas, north to Virginia, Indiana,

Illinois, Iowa, and Kansas; it is also introduced in the tropics of the

Old World. Cassia ligustrina L. {Ditremexa ligustrina (L.) Britton &
Rose), a small shrub with 12-16 narrowly ovate or lanceolate, basally

oblique leaflets per leaf and conic-cylindrical petiolar glands, occurs most-

ly in hammocks in central and southern Florida and also on the Greater

Antilles, Bermuda, and Grand Cayman Island.

Cassia obtusijolia L. (C. Tora of authors, not L.; Emelista Tora sensu

Britton & Rose), sickle-pod or coffee-weed, of sect. Prososperma Bentham
(leaflets 2 to numerous, rather large; petiolar gland (s) situated between

the lowest pairs of leaves; fruits subterete, 4-angled, or compressed-lo-

mentaceous; seeds longitudinal) is a pantropical weed that extends north-

ward in eastern North America from Florida and Texas to Pennsylvania,

Indiana, Michigan, Illinois, Missouri, and Kansas. According to Brenan

(subfamily references), this species has generally been confused with C.

Tora L., a species confined to Asia. Cassia obtusijolia can be separated

from the other species of Cassia in our area by its annual duration; broad,

obovate leaflets with a cylindrical gland situated between the lowest pair;

few-flowered, seemingly axillary inflorescences; linear, curved fruits; and

rhomboid seeds. The embryo of C. obtusijolia, unlike that of most other

species of the genus, has folded cotyledons.

Section Chamaesenna DC. (leaf glands situated between the lower pair

or pairs of leaflets or absent; leaflets moderate-sized to large; fruits usu-

ally compressed or flattened; seeds flattened) is represented in our area

by Cassia bahamensis Miller {Peiranisia bahamensis (Miller) Britton &
Rose) . This species is a shrub with basally oblique, ovate, elliptic, or obo-

vate, mostly mucronate leaflets that have small glands scattered on the

lower surfaces and along the midrib on the upper surfaces and with large,
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globose glands on the leaf rachises between the lower pairs of leaflets. It

occurs mostly in pinelands in southernmost Florida in the vicinity of Mi-

ami, the Everglades, and on some of the southwestern Florida Keys (No
Name Key, Big Pine Key, Key West) ; it also occurs on Cuba and some

of the Bahama Islands. Several species of sect. Chamaesenna are com-

monly cultivated in southern Florida, including C. alata L. {Ilerpetica

data (L.) Raf.), a native of tropical America, and C. didymobotrya
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Fresenius {Chamaesenna didymobotrya Small), of tropical Africa; Small

noted the occurrence of the latter species in vacant lots in Miami, Florida.

Cassia surattensis Burman f. (C. glauca Lam., C. suffruticosa Konig,

Psilorhegma suffruticosa (Konig) Britton), of sect. Psilorhegma Ben-

tham (stamens 10, all fertile; filaments short; fruits flattened), is a native

of tropical Asia widely cultivated in tropical regions and occasionally na-

turalized in hammocks in southern Florida.

Cassia bicapsularis L. (Adipera bicapsularis (L.) Britton & Rose) of

sect. Chamaefistula DC. (mostly shrubs; foliar glands situated between

the lower pairs of leaflets or absent; fruits terete, turgid, dehiscent along

the adaxial suture or not; seeds transverse, separated by transverse septae)

occurs along canal and road banks and in marshes in southern Florida, as

well as in the West Indies, Mexico, and Central and South America. This

species is distinctive in its relatively large, obovate leaflets, globose foliar

glands, large yellow flowers, two abaxial stamens with greatly elongated

filaments, and mostly straight, cylindrical fruits with ovoid, slightly flat-

tened, smooth or faintly pitted seeds. Cassia corymbosa Lam. {Adipera

corymbosa (Lam.) Small) a native of Argentina and Uruguay, has fruits

and seeds similar to those of the preceding species, but it has slightly smaller

flowers, narrowly ovate leaflets, and cylindrical foliar glands. According

to Small, this species is occasionally adventive along the Coastal Plain

from Georgia to Louisiana and Tennessee.

The largest number of species of Cassia in the southeastern United States

belong to sect. Chamaecrista DC. of subg. Lasiorhegma Bentham (fruits

elastically dehiscent; funiculus short; seeds with numerous pits usually

arranged in rows). Bentham divided sect. Chamaecrista into two sub-

sections, subsect. Xerocalyx, which Irwin has elevated to the rank of

section, and subsect. Leiocalyx; all of the southeastern species belong

to the latter and are annual or perennial, sometimes suffrutescent herbs

with small, mostly numerous leaflets, persistent stipules, several-flowered

axillary racemes, membranaceous, pointed calyx lobes, and an androecium

of unequal stamens with polliniferous anthers. In their treatment of the

Caesalpinioid legumes for the North American Flora. Britton & Rose (fol-

lowing Greene) recognized the genus Chamaecrista Moench with 111 spe-

cies, subdividing them into 17 groups of undesignated rank. Five of their

groups occur in our area. Cassia rotundifolia Persoon (Chamaecrista ro-

tundijolia (Persoon) Greene), the only species of group Rotundifoliae, is a

prostrate perennial with leaves having only two leaflets and lacking petiolar

glands. It has been reported from near Orlando, Florida, as well as from

Mexico, Central and South America, the West Indies, and western Africa.

Cassia serpens L. {Chamaecrista serpens (L.) Greene), of group Pilosae,

has been reported from Florida by Ward. This species is a tap-rooted,

woody-based herb with cylindrical petiolar glands and strongly unequal

petals; it occurs primarily in the West Indies and Central and South

America. Cassia keyensis (Pennell) MacBride {Chamaecrista keyensis

Pennell), of group Lineatae, is a soft-hirsute, suffrutescent perennial with

many branches from a contorted rootstock and large yellow flowers. It
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Sprengel, a West Indian species.

The remaining species of sect. O
States belong to group Fasciculatat

in floras (cf. Small, Britton & Rose, Fernald, Gleason, Radford et al., and

Long & Lakela) and in recent reviews and lists (Turner, Pullen, Ward).

Two species complexes can be recognized. The first, with very short pedi-

cels, stalked petiolar glands, and small flowers with five stamens and short

anthers, includes Cassia aspera Muhl. ex Ell. (petiolar gland cylindrical,

"odd petal' only slightly longer than the others), which occurs in pine-

lands and sandy areas from southeastern South Carolina along the coast of

Georgia to the Florida Keys, and C. nictitans L. {Chamaecrista multipin-

nata Pollard, Ch. procumbens (L.) Greene), wild sensitive plant (head of

petiolar gland globose, "odd petal" nearly twice as long as the others),

which is found in acid, sandy or rocky soils of open woods, upland slopes,

ridges, bluffs, prairies, fallow fields, and open thickets from Florida to

Texas, north to Massachusetts, Vermont, New York, Ohio, Indiana, Illi-

nois, Missouri, Kansas, and Oklahoma. The latter is especially variable in

pubescence, and several varieties have been proposed.

The second complex of group Fasciculatae includes species that have

longer pedicels, mostly sessile petiolar glands, larger flowers, and ten

elongated anthers. Eight species of this complex of "partridge peas" were

recognized in North America by Britton & Rose, with six in our area. These

diVe Chamaecrista brachiata Pollard, Ch. jasciculata (Michx.) Greene, Ch.

robusta Pollard, Ch. depressa (Pollard) Greene, Ch. mississippiensis Pol-

lard, and Ch. littoralis Pollard. Chamaecrista Deeringiana Small & Pen-

nell was included by Britton & Rose with some perennial species of south-

western North America in their group Deeringianae, but this species is

now considered to be a member of the Cassia jasciculata complex. Recent
authors have interpreted this complex as a single polymorphic species, and
they have either considered it meaningless to attempt to account in a tax-

onomic system for the variation that occurs in this group, or they have
recognized a number of varieties that admittedly intergrade with one an-

other. This complex as it occurs in the United States was most recently

reviewed by Pullen (unpublished Ph.D. thesis), who considered C. Deer-
ingiana (Small & Pennell) MacBride (scattered from central Georgia to

southern Florida and southwestern Alabama) to be distinct from C. jasci-

culata Michx., which he subdivided into eight varieties. According to Pul-

len, five of these varieties occur in our area: C. jasciculata var. jasciculata

(Florida to Texas, north to Massachusetts, New York, Ontario, Ohio, In-

diana, Wisconsin, Minnesota, and South Dakota), var. littoralis (Pollard)

MacBride (North Carolina, Georgia, northern Florida, Alabama, Missis-

sippi, Louisiana, and Texas), var. robusta (Pollard) MacBride (mostly
sympatric with var. jasciculata, but not extending into peninsular Florida),

and var. Tracyi (Pollard) MacBride (Georgia, northwestern Florida, Ala-
bama, Mississippi, Arkansas, Louisiana, and Texas; apparently disjunct
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in Illinois). The name of the fifth variety (ranging from Delaware to

southern Florida) is based on Cassia brachiata Pollard, but Pullen's combi-

nation is still unpublished.

Several species of subg. Cassia (subg. Fistula Bentham), including

Cassia fistula L., golden shower, C. grandis L. f., pink shower, C. nodosa

Hamilt., C. javanica L., and C. renigera Wall, ex Bentham, are cultivated

in southern Florida. Members of this subgenus are trees with leaves lack-

ing foliar glands; the sepals are obtuse; the ten stamens are all fertile, but

the three abaxial ones are at least twice as long as the seven adaxial ones

;

the anthers are not basifixed, and they open (within the same flower) by
incomplete longitudinal slits and by basal pores; the fruits are indehiscent

and often contain pulp; and the seeds are smooth, transversely arranged

in the fruits, and separated by complete septae.

The flowers of many species of Cassia show enantiostyly (the occur-

rence of left- and right-handed flowers), with the flowers differing in the

direction in which the style is bent and in the relative position of the dif-

ferent calyx lobes and petals. This phenomenon is particularly evident in

the Cassia jasciculata complex, where the larger "odd" petal (which is

not the banner petal) occurs on the side of the flower that is away from the

stem.

The androecium of Cassia is remarkably diverse in the fertility, size,

shape, mode of dehiscence, and, to a lesser degree, number of stamens. In

subg. Cassia (subg. Fistula Bentham) there are ten stamens in two whorls,

all with fertile anthers. Stamens of the outer whorl are of two types — the

three abaxial ones have very elongate, S-curved, sometimes nodose fila-

ments and large anthers, while the two adaxial ones have short, straight

filaments and small anthers. All anthers of the inner whorl dehisce by
two incomplete subapical and two incomplete subbasal slits. The five sta-

mens of the inner whorl are of intermediate size and have basally 2-spurred

anthers that dehisce by subbasal pores located at the tips of the spurs.

The androecium of members of subg. Lasiorhegma consists of ten, or in-

frequently five, stamens that are all fertile and alike in form, structure,

and dehiscence, although they differ somewhat in size within a flower. The
filaments are rather short and the anthers are basifixed, apically bilobed,

and dehiscent by apical chinks. The anthers of subg. Lasiorhegma are

unique in that the lateral sutures are prevented from opening by rows of

closely coiled and interlocked trichomes. Subgenus Senna is more variable

in androecial structure, and some species may have ten stamens that are

all fertile and more or less alike. However, in most species of this sub-

genus in our area, three adaxial stamens are reduced to small, spathulate

staminodes; four lateral stamens are fertile and have filaments and anthers

of varying lengths; and three abaxial stamens have greatly elongated, curv-

ing filaments and large, polliniferous anthers. In some species the central

abaxial stamen is smaller than the others and may lack pollen. The fertile

anthers in subg. Senna dehisce by terminal pores or chinks and are tipped

by modified, often elaborate structures that presumably have some function
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in pollination. For a detailed review of the androecium of Cassia, see the

series of papers by Venkatesh.

Little is known about plant-insect relationships involving Cassia, but in

view of the diversity of the flowers, particularly of the androecium, and

the frequent presence of extrafioral nectaries (the foliar glands), it would

seem that this is a good area for future investigations. The few reports

of pollination indicate that there are several different systems. Stevens

reports that in C. marilandica bees land on the carpel and three lower

stamens and then bite open the four middle anthers, removing the pollen

to their pollen baskets. Charles Robertson, however, observed that on this

species, and on C. Chamaecrista, bees stroke the anthers with their man-
dibles, thus "milking" the pollen out of the terminal pore. In any case, the

two long stamens on either side of the style furnish pollen for pollination.

A case of ''buzz"' pollination is reported by Buchmann in C. Quiedondilla.

In this case bees land on the flower and curl their bodies tightly over the

long pollinating anthers; they then vibrate their indirect flight muscles,

causing a small cloud of pollen to come out of the terminal pores.

The seeds of Cassia are also of taxonomic value. In subg. Cassia they

are smooth, shiny, and sometimes marked with faint to distinct cracks

in the outer seed coat. These cracks may be more or less uniform on

the seed or more prominent on the faces. Occasionally, seeds may have

a few faint, minute pits, and in some species there is a line running from

the hilum across one or both faces to the top of the seed. Apparently the

majority of species of subg. Senna have seeds with a distinct raised or de-

pressed and/or differently colored area called a pleurogram (areole,

Uneafisural, face area) on each side. The shape and size of the pleuro-

gram varies considerably from species to species, but it is always closed

and thus differs from the U-shaped pleurograms found in most species of

:Mimosoideae. The seeds of C. bicapsularis and C. corymbosa, of subg.

Senna, lack pleurograms and greatly resemble seeds typical of subg.

Cassia; these and related species should be examined more closely. The
seeds of plants of subg. Lasiorhegma seem always to be marked with

numerous, usually prominent pits that may be arranged in longitudinal

rows or randomly scattered over the surface. For a summary of the in-

ternal morphology of seeds of Cassia, see Okpon. Polyembryony and fac-

ultative apomixis have been observed in several species of the largely

Australian sect. Psilorhegma of subg. Senna. Janzen has made a de-

tailed study of the predation of C. grandis seeds by bruchid beetle larvae,

umbers are known for about 100 species representing

of Cassia. The genus is rather complex cyto-

numbers, polyploidy, and aneuploidy. Within

numbers of 24 and 28 have been reported,

with the following sporophytic numbers re-

:t. Chamaefistula, 24, 26, 28, 52 (with 28

sect. Oncolobium, 24, 26, 28, 56 (with 28

le early counts of 24 and 26 question-

, 22, 26, 28 (the uniglandular form of C. obtusi-
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folm of the southeastern United States and the West Indies is 2n = 28,
while the biglandular form of northern South America is 2n = 26); sect.

Chamaesenna, 16, 24, 28; and sect. Psilorhegma, 14, 28, 42, 56 (see
Randell for an analysis of this largely Australian group). Section Absus
of subg. Lasiorhegma appears to be uniformly 2w = 28. The two sub-
sections of sect. Chamaecrista consistently differ in base chromosome
number, with x = 7 and 2n = 14 in subsect, Xerocalyx and x = 8
and 2n = 16 or rarely 32 or 48 in subsect. Leiocalyx. Irwin & Turner
suggest that the base chromosome number in Cassia is 7, with the derived
numbers 13, 12, and 11 arising by aneuploid loss from various euploid
levels. The base number of 8 in subsect. Leiocalyx presumably would
have arisen by the aneuploid gain of one chromosome.
The drug senna, used as a cathartic, comes from the dried leaves of

Cassia Senna L., Alexandrian senna, and C. angiistijolia Vahl, Tinnevelly
senna (nomenclature that of Fairbairn & Shrestha). The leaves or fruits

of a number of other species, including C. fistula, C. grandis L. f., C.
javanica L., C. marilandica, C. moschata H.B.K., and C. Sophera L., are

used locally for the same purpose. Infusions of the leaves of C. alata, C.

absus L., C. sericea Sw., C. Sophera, C. obtusijolia, and C. Tora L. are

used in treating skin diseases, particularly ringworm. Cassia laevigata

Willd., C. obtusijolia, C. occidentalis, and C. sericea have been used lo-

cally as coffee substitutes. A mordant used in combination with blue

dyes is obtained from the seeds of C. Tora. The roots of C. nodosa Lam.
are used locally as a soap substitute. The wood of several species, in-

cluding C. javanica, C. nodosa, C. siamea Lam., C. Sieberiana DC, and
C. timoriensis DC, is hard, heavy, and often beautifully grained and is

used locally. The pods of C. grandis are high in pectin, and a gum similar

to guar (obtained from Cyaniopsis tetragonoloba) can be obtained from
the seeds of C. occidentalis; both of these species have been suggested as

potential commercial crops. A number of species, including C. alata,

candelabra bush, C. bicapsularis, Christmas bush, C. jistula, golden show-

er, C. grandis, pinkshower cassia, C. javanica (including C. nodosa Roxb.),

pink cassia, C. siamea, C. spectabilis DC, yellow shower, and C. suratten-

sis, are commonly cultivated in tropical and subtropical regions, includ-

ing southern Florida. The rainbow shower tree, commonly seen in

Honolulu, is a hybrid between C. fistula and C. javanica.
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Tribe Amherstieae Bentham emend. J. Leonard

7. Tamarindus Linnaeus, Sp. PL 1: 34. 1753; Gen. Pi. ed. 5. 20. 1754.

Medium to large, unarmed, evergreen trees with short, thick trunks,

rounded crowns, and widely spreading branches; twigs zigzagged, pubes-

cent when young; bark rough, fissured; buds solitary, sessile, the terminal

one absent. Leaves alternate, evenly once pinnate, shortly petiolate, the

petiole with a basal pulvinus; leaflets opposite, small, numerous, the

apices rounded and shortly mucronate, folding against the rachis at night,

translucent dots absent, the margins ± parallel, the bases asymmetrically

rounded, nearly sessile, with a wrinkled basal pulvinus; stipules free,

asymmetrical, caducous. Inflorescences terminal or axillary, pendulous,

several-flowered, rather lax racemes shorter than the leaves; bracteoles 2,

well developed, bright pink, inclosing young flower buds, valvate, cadu-

cous. Flowers perfect, moderate-sized; buds red. Calyx lobes 4, equal,

refiexed at anthesis, white to pale yellow on adaxial surface, reddish on
abaxial surface, more than twice as long as the turbinate floral tube, im-

bricate in aestivation. Petals unequal, the upper 3 elliptic to obovate,

yellow-gold with red veins, recurving widely, slightly exceeding the calyx

lobes, the lower 2 minute, scalelike. Fertile stamens 3, exserted above

the petals, their filaments curving adaxially, monadelphous for half their
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length into a sheath open on the adaxial side, with teeth representing

staminodia alternating with free portions of filaments; anthers dorsi-

fixed, versatile, opening by longitudinal slits. Carpel long-stipitate, the

gynophore adnate to the floral tube; style elongate, stout, curving adaxially,

swollen apically, and topped by a tuft of stigmatic papillae. Fruit pen-

dent, indehiscent, sausage-shaped with irregular constrictions, somewhat
compressed laterally, reticulate, brown at maturity, with a dry, thin outer

layer, a pulpy middle layer including several fibrous strands, and a coria-

ceous inner layer forming septae between the seeds, the outer layer

cracking into irregular plates as the fruits dry. Seeds 1-10 per fruit,

rhomboid, laterally compressed, shiny chestnut brown, with a continuously

margined pleurogram on each face; seed coat hard, the outer layer be-

coming mucilaginous when wet; embryo large; endosperm absent. Base
chromosome number 12. Type species: T. indica L. (Name from Arabic

tamr, date, and Latin indus, Indian.)

—

Tamarind.

A single species, Tamarindus indica, tamarind, widely cultivated in

tropical areas. Its native range is impossible to determine at present, but

it is indigenous to the savannas of Africa and was probably introduced

into India at an early date. Additional species described from north-

eastern tropical Africa are best included with T. indica, according to

Brenan. The tamarind is cultivated in southern Florida as a shade tree

and for its fruits. It has evidently become naturalized in Lee County and

on some of the Florida Keys.

The inflorescences of Tamarindus indica are pendulous, but the flow-

ers are not resupinate. Consequently, the flowers are in a morphologically

upside-down position. At anthesis the floral tube bends abaxially (i.e.,

upward, in relation to the ground), so that the axis of the flower is more

or less perpendicular to the ground. In this position the androecial sheath

and the carpel arch obliquely upward over the three large petals, the inner

surfaces of which form a horizontal landing place for pollinators. As an

insect lands on the petals and crawls toward the opening of the nectarif-

erous floral tube, any pollen on the insect's back is transferred to the

stigma and a new load is acquired from the three fertile anthers.

The tamarind is a most useful plant. The trees are evergreen and very

ornamental; large specimens are resistant to strong winds and light frost.

The wood, hard, heavy, and fine-grained, is used locally for tools and

cabinet work and makes an excellent charcoal (formerly used in gun-

powder). However, Tamarindus is usually grown as a fruit tree. The

pulp of the ripe fruits has high concentrations of both sugar and tartaric

acid; it is eaten fresh or extracted and used in making fruit drinks, cur-

ries, chutneys, candy, ice cream, sauces, sweetmeats, preserves, jellies,

medicinal preparations, and brines for pickling fish. The pulp is one of

the major ingredients in Worcestershire sauce. Overripe fruits may be

used to remove tarnish from copper and brass. The seeds are edible and

can be made into flour. Sizing for cloth, paper, and jute products is

made from the seeds, as well as vegetable gum and oil. The leaves and
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Tribe Cercideae Bronn, "Cerceae"

8. Cercis Linnaeus, Sp. Pi. 1: 374. 1753; Gen. PL ed. 5. 176. 1754.

Deciduous, rather flat-topped, unarmed, small to medium-sized trees

or shrubs with zigzagged branches; bark with small, loose scales; axillary

buds paired, superposed, the upper ones shortly stalked, the lower ones

sessile and covered by top of leaf scar, the bud scales shortly fringed;

vegetative buds 2-scaled, at nodes toward tip of growth of previous sea-

son, flowering buds several-scaled, at nodes toward base of growth of

previous season and on older growth; terminal bud lacking, the growth
consequently sympodial; leaf scars raised, decurrently ridged from the

nodes, round-triangular, fringed at the top, with 3 bundle traces. Leaves
appearing simple (evidently derived from fusion of 2 leaflets), alternate,

2 -ranked, long-petiolate, the largest at tips of branches; blades with

cordate bases, entire margins, and tapering-acute [obtuse or emarginate]

apices, with 5, 7, or 9 prominent palmately arranged veins; petioles swol-

len at each end; stipules small, scalelike, caducous, leaving no scar. In-

florescences sessile umbel-like clusters [or elongate racemes] along growth
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of the previous and earlier years and on the trunk, iiowering before and
as the leaves expand; pedicels jointed, colored like the calyx; bracts

small, scalelike, often imbricate at base of inflorescences. Flowers per-

fect, 5-merous, papilionaceous in appearance. Sepals connate into a bi-

laterally symmetrical, basally enlarged, magenta, persistent floral cup;

calyx lobes 5, short, triangular. Petals 5, free, clawed, purplish pink or

rarely white, inserted on the floral cup, the upper, adaxial, banner petal

smallest and inclosed in bud by the 2 lateral wing petals and 2 keel petals.

Androecium of 10 free stamens, inclosed by the keel petals; filaments

thickened, pubescent below, persistent, inserted on the floral cup, the

alternate ones shorter; anthers versatile, all fertile, 2-locular at maturity,

opening by longitudinal slits. Ovary shortly stalked, inserted obliquely

at base of floral cup; style tapering, curved upward; stigma terminal,

knoblike; ovules numerous. Fruit stalked, laterally flattened, tapering at

each end, narrowly winged on the adaxial side, prominently veined, red-

dish, shiny, often tardily dehiscent along both sutures, the margins parallel

or the abaxial one curved inward at each end. Seeds usually 3-6 on
slender funicles, orbicular to oblong, compressed; seed coat crustaceous,

bright red-brown; embryo surrounded by a thin layer of endosperm;

cotyledons flattened, orbicular to oblong; radicle superior. Base chromo-
some number 14. Type species: C. Siliquastrum L.; see C. S. Sargent,

Silva N. Am. 3: 93. 1892. (Name from Greek kerkis, weaver's shuttle,

perhaps alluding to the shape of the fruit; Theophrastus used this name
for a leguminous plant, evidently C. Siliquastrum.) —Redbvd, Judas

About eight species in four widely separated areas: Cercis canadensis

L. in eastern North America southward to northeastern Mexico; C. occi-

dentalis Torrey ex Gray in western North America; C. Siliquastrum in

southern and eastern Europe (probably indigenous only from Turkey
eastward to Afghanistan); and five species described from China. The
Chinese species are C. chinensis Bunge (widely distributed in temperate

China, most abundant in western Hupeh and eastern Szechwan), C.

racemosa Oliver (eastern Szechwan and adjacent Hupeh), C. Chuniana

Metcalf (Kwangsi), C. Chingii Chun (Anhwei and northern Kwangtung),
and C. paucifiora Li (Szechwan). The taxa of eastern North America

and eastern Asia are morphologically similar to one another, as are those

of western North America and Europe.

Cercis canadensis, redbud or (in parts of our area) Judas tree, ranges

from southern Connecticut and New York south to central Florida and

west to Michigan, southern Wisconsin, Iowa, eastern Nebraska and

Kansas, much of Oklahoma and Texas (except for the panhandles), and

northeastern Mexico (Tamaulipas, Coahuila, Nuevo Leon, San Luis Po-

tosi, Hidalgo). The only report of the species outside of cultivation in

Canada is that of a tree that formerly grew on Pelee Island in Lake Erie,

Essex County, Ontario. Throughout most of the range of the species,

the mature leaves are thin, dull green on both surfaces (young leaves are
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glossy and reddish) and have tapering-acute apices; these plants, var.

canadensis, occur from the northern and eastern limits of the species

southwestward to eastern Texas (see Turner and Correll & Johnston,

Man. Vase. PI. Texas). The young leaves are usually pubescent below,

with some trichomas remaining on the mature leaves. Individuals with

glabrous leaves are f. glabrijolia Fernald. Southwestward from the Ar-

buckle Mountains of Oklahoma, some or all populations have leaves that

are rather coriaceous, rich deep green, shiny, distinctly glaucous above,

and with rounded, obtuse, or emarginate apices. Plants of this kind with

glabrous petioles and young branchlets are var. texensis (Watson) Rose
(Edwards Plateau and north-central Texas to the Arbuckle Mountains
of Oklahoma) and those with densely woolly-tomentose petioles and
branchlets, var. mexicana (Rose) Hopkins (Crockett and Val Verde

counties, Texas, to the Trans-Pecos and northeastern Mexico) (of.

Turner). The species is particularly variable in the Arbuckle Mountains
and north-central Texas. Edgar Anderson thought this variability to be

Figure 6. Ccrcis. a-j, L

at apex of petiole, X V2,

flower in partial section, pe
gynoecium adnata to floral

f, banner petal, X 3; g, branch with fruits afl

li \ar. canadensis: a, leaf— note pulvinus
upper banner petal is innermost, X 3; c,

ed, 6 stamens shown— note gynophore of

ing petal, X 3; e, keel petal, X 3;
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the result of introgression between the typical variety and varieties of

the Southwest.

Cercis canadensis var. canadensis is most often seen as a small tree,

but mature specimens can be moderate-sized trees with broad, rather flat-

topped crowns, and the largest recorded plants are more than 16 m. tall,

with a crown spread of 13 m. and a trunk diameter at breast height of

0.8 m. (For a photograph of a large specimen, see Plummer & Lindsey.)

Redbud is one of the earliest woody plants to flower, and it is in spring,

when the plants are in full bloom, that the abundance of this species in

much of the eastern United States is apparent. The flowers are papiliona-

ceous in appearance (but the banner petal is innermost). They are borne

in sessile umbel-like clusters along the naked growth of the previous year

and on older branches and are pollinated mostly by various long- and
short-tongued bees. Older trees are especially cauliflorous, and large areas

of the trunk can be covered by inflorescences. Flowering begins before the

leaves expand, and the flowering period seems longer than it really is,

since the magenta floral tubes are conspicuous for some time before the

lavender-pink petals open. Varietas canadensis has a rather wide tolerance

of environmental conditions, although it prefers strong sunlight and soils

that have good drainage and are derived from limestone or sandstone. In

the northern and eastern part of its range, it is found in open woodlands,

borders of woods, thickets, limestone glades and openings, and along

rocky streams and bluffs. Toward the south and west, it occurs in rich

woods, ravines, bottomlands, and rich soil along streams. Varietas cana-

densis and var. texensis are evidently ecologically separated in the region

where their distributions overlap, with the former occurring on sandy

soils and the latter on calcareous soils.

Eastern redbud and flowering dogwood, Cornus florida, have similar

geographical distributions and often occur together (perhaps even in

some localities in Mexico). Although redbud is usually nearly past

flowering when the dogwood begins to bloom, in exceptional years both

are simultaneously in full flower, producing a spectacular show of spring

color. In some localities redbud flowers at about the same time as some

of the shadbushes {Amelanchier) and wild plums (species of Prunus sect.

Prunocerasus).

The fruits of Cercis canadensis are strongly flattened and persist on

the plants until after the leaves have fallen. They are evidently dis-

persed by wind blowing them off the branches at various intervals during

the fall and winter. Late in the season, while the fruits are still on the

plants or after they have fallen, the sutures open on some of the fruits,

releasing the seeds; in the case of those fruits that do not open, seed re-

lease is effected by the decay of the fruit wall.

Cercis canadensis var. canadensis is commonly cultivated in temperate

regions and is hardy considerably north of its natural range. White-

flowered plants, f. alba Rehder, are becoming common in cultivation, and

plants with rather unsightly double flowers, f. plena Sudworth ex Schnei-

der, are also known. Several cultivars, with the flowers a paler color than
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usual, have been named. The eastern redbud does not grow very well

in England and southern Europe, where the true Judas tree, C. Sili-

quastrum, is commonly cultivated and extensively naturalized. It is said

that the Judas tree, both in cultivation and in the wild, produces a show
of spring flowering as spectacular as that of our eastern redbud; this

species does not do well in our climate and is rarely cultivated here. Cer-

cis occidentalis and C. canadensis vars. texensis and mexicana are seldom

cultivated outside the areas in which they occur naturally. The Chinese

redbud. C. chinensis, is occasionally cultivated in eastern North America

and is hardy at least as far north as Boston. Ernest Wilson considered

C. racemosa to be one of the very best and most beautiful of the flowering

trees introduced by him into cultivation, but it is rarely grown in North
America and is not hardy northward. Bean says that there are a few

living plants in England. (The other Chinese species are evidently not

in cultivation in North America.)

Cercis is a very distinctive genus within the Caesalpinioideae. Be-

cause of the "simple" leaves that are actually derived from the fusion

of two leaflets (see Fries), the gamosepalous calyx with valvate calyx

lobes, the ten free stamens, and the dorsifixed anthers that open by longi-

tudinal slits, Cercis is grouped with Bauhinia L. sensu lato in tribe Cer-

cideae. Several species of Bauhinia are commonly cultivated in southern

Florida, but none are known to escape.
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STYRACACEAE HARDY IN TEMPERATE NORTH AMERICA ^

Stephen A. Spongberg

STYRACACEAE Dumortier, Anal. Fam. 28, 29. 1829, "Styracineae," nom. cons,

(Styrax Family)

Evergreen or deciduous trees or shrubs, usually with stellate (or lepi-

dote) pubescence. Leaves simple, alternate, exstipulate, with entire, ser-

rate, dentate, or occasionally lobulate margins, the venation pinnate.

Flowers perfect, actinomorphic ; inflorescences often reduced, the flowers

usually arranged in simple or sometimes branched, terminal and/or axil-

lary racemes, corymbs, or panicles, occasionally solitary or in few-flow-

ered fascicles. Calyx often articulated at the base, synsepalous, tubular,

subentire or 4- or 5-toothed or -lobed; calyx tube entirely free to com-

pletely adnate to the ovary. Corolla sympetalous, 4- or 5-lobed (rarely

more), often united into a tube only at the base; insertion of the corolla

hypogynous (ovary superior) to epigynous (ovary inferior), the lobes val-

vate or imbricate in bud. Stamens usually twice the number of the corolla

lobes, sometimes more, epipetalous, inserted in 1 whorl on the base of the

corolla (or rarely at the base of the ovary), the filaments usually connate

into a tube below, free above; anthers 4-locular. Gynoecium syncarpous,

treatments of cultivated ligneous plants, the preparation of which is a project of

the Arnold Arboretum of Harvard University and the purpose of which is to

in the cooler temperate regions of North America. It is hoped that these treatments
will eventually form the basis of a new manual of cultivated woody plants. The
first paper in this series was published in the Journal of the Arnold Arboretum 56:
1-19. 1975. Reference should be made to the introductory paragraphs of that paper

this project, I am especially indebted to Drs. R. A. Howard,' B. G. Schubert, P. F.

Stevens, C. E. Wood, Jr., and R. E. Weaver, Jr. I should also like to thank Dr.
L. M. Perry for her invaluable help with numerous problems, Mrs. I. H. Burch for
her interest in and preliminary studies of Halesia and Pterostyrax in the living col-

lections of the Arnold Arboretum, and Miss K. Clagett for her editorial assistance.

The illustrations are the careful work of Robin S. Lefberg and were prepared, when
possible, from living or alcohol-preserved specimens collected in the Arnold Arbore-
tum. These collections were made by R. E. Weaver, Jr., M. Gilmore, L H. Burch, and
myself. Additional alcohol-preserved specimens collected by C. E. W'ood, Jr., and
R. B. Channell from wild populations and from olants in the Uvinir collections of the
Henry Foundation for

ized. These materials w

special tnanks and gratitude are also extended to an anonymous donor, whose
generous gift for this project has made and continues to make this work possible. In
addition, our deepest thanks are extended to the Director and trustees of the Stanley
Smith Horticultural Trust for a grant that has made possibL



1976] SPONGBERG, STYRACACEAE 55

the ovary superior and completely free to inferior and completely adnate

to the calyx tube, 3-5-locular, often 1-locular above, each locule with 1

to many ovules on axile placentae; style 1, slender, terminated by a

usually 3-5-lobed stigma. Fruits dry, often woody, indehiscent or de-

hiscent; seeds 1 to many, the usually straight embryo with broad cotyle-

dons embedded in fleshy endosperm. Type genus: Styrax L.

Thirteen genera and about 150 species distributed primarily in eastern

Asia to western Malesia, tropical South America, and North America,

primarily in the southeastern United States. One species {Styrax offici-

nale L.) occurs in the Mediterranean region, while about three additional

species are native to Africa.

The genus Sinojackia H. H. Hu, included by Rehder (1942) in his

Manual, has been excluded from the present treatment, since evidence

of its hardiness and cultivation in our area has not been located. Ap-

parently, only 5. rehderiana Hu is grown in North America at the pres-

ent time; we have records of its inclusion in the collections of the Strybing

Arboretum in San Francisco.

Closely related to Rehderodendron and Pterostyrax, Sinojackia is dis-

tinguished from both of these genera by its flowers on slender pedicels in

3-5-flowered racemes terminating leafy, lateral branches, by its stamens

with the connectives produced beyond the anthers, and by its ovoid,

woody, unribbed fruits, 1.5-2.5 cm. long.
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Van Steenis, C. G. G. J. Contributions a I'etude de la llore des Indes Neer-
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cludes many observations and notes concerning the Styracaceae.]
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eastern United States. Jour. Arnold Arb. 41: 1-35. 1960. [Styracaceae,

including Styrax and Halesia, pp. 22-31.]

Key to the Genera of Styracaceae in Cultivation

1. Ovary ± inferior, adnate to the calyx tube; insertion of the corolla epigy-

nous; fruits sometimes surmounted by the persistent calyx lobes; pedicels

articulated at the base of the calyces 2.
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2. Pith chambered; flowers solitary, in few-flowered fascicles, or rarely in

irregular racemes above leaf scars on second-year branchlets; corolla

with 4 or rarely S lobes; fruits conspicuously 2- or 4-winged

1. Halesia.

2. Pith continuous; flowers in racemose or paniculate inflorescences above

leaf scars on second-year branchlets or in paniculate or corymbiform

inflorescences terminating short, lateral branchlets from second-year

wood; corolla with 5 lobes; fruits obscurely ribbed, 5-winged, or large,

woody, and variously ribbed, or smooth 3.

3. Stamens subequal; flowers several to numerous, in paniculate or

corymbiform inflorescences terminating short, lateral branchlets;

fruits small, 8-17 mm. long, obscurely ribbed or 5-winged

2. Pterostyrax.

3. Stamens of 2 unequal lengths; flowers few, in racemose or paniculate

inflorescences above leaf scars; fruits large, (4-) 6-8.5 cm. long,

smooth or variously ribbed, not winged 3. Rehderodendron.

Ovary ± superior, usually adnate basally to the calyx tube, rarely entire-

ly free; insertion of the corolla hypogynous to perigynous; fruits subtended
by the persistent calyces; pedicels not articulated at the base of the calyces.

4. Styrax.

Halesia Ellis ex Linnaeus, Syst. Nat. ed. 10. 2 : 1044, 1369. 1759,

Deciduous trees or shrubs, the branchlets with chambered pith; winter
buds ellipsoidal to ovoid, pubescent; bark brownish, gray, or blackish,

becoming deeply cleft on older trees. Leaves petiolate, the blades char-

taceous, ovate-oblong, elliptic, or obovate, with acute to acuminate
apices, serrate or serrulate margins (the veins ending in apiculate teeth),

and rounded, cuneate, or attenuate bases; surfaces of the blades usually
densely stellate-pubescent when young, sometimes becoming glabrous.
Flowers usually drooping on slender pedicels, solitary, in fascicles of 2-8
flowers, or in short irregular racemes; fascicles or racemes occurring above
leaf scars on second-year branchlets. Calyx tube 4- or rarely 5-toothed
or subentire, the tube ± completely adnate to the ovary; pedicel ar-

ticulated at the base of the calyx. Corolla expanding prior to anthesis,
initially greenish, becoming white to pale pink, campanulate, 4- or rare-
ly 5-lobed or deeply cleft nearly to the base. Stamens 8-16, included or
exserted, the filaments coherent basally for part of their length and ad-
nate to the corolla. Gynoecium 2-4-carpellate ; ovary ± completely in-

ferior, 2-4-locular, each locule with 4 ovules on axile placentae; style
simple, slender, terminating in a minute, sometimes 4-lobed stigma. Fruits
dry, glabrous, and indehiscent, clavate, oblong, or ± ellipsoidal, prominent-
ly 2- or 4-winged, terminated by the persistent style base. Seeds 1-4 per
fruit, solitary in each locule through abortion, surrounded by a stony cov-
ering. {Mohria Britton, non Swartz; Mohrodendron Britton; Carlo-

'This treatment is adapted from that of E. W. Chester,
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mohria Greene.) Type species: H. Carolina L. (Name honoring Stephen

Hales, 1677-1761, English botanist and author of Vegetable Staticks, an

early treatise on plant physiology.)

—

Silverbell-tree, snowdrop-

Three species of the southeastern United States, one comprised of two

and Halesia macgregorii Chun of southeastern China. With the

of H. macgregorii, all the species are known in cultivation.

Anonymous. Die traurige Geschichte der Halesia Carolina 'Tremonia.' Deutsche

Baumschule 22: 90. 1970. [The name Tremonia' was given to a double-

flowered form of H. Carolina that originated at the Botanischer Garten,

Dortmund, West Germany; rooted cuttings of the cultivar, however, did

not remain true.]

Bean, W. J. Trees and shrubs hardy in the British Isles, ed. 8. Sir George
Taylor, ed. Vol. II. xvi + 784 pp. 106 ph. London, 1973. {Halesia,

304-308, pi. 45.-]

Bonner, F. T., & A. L. Mignery. Halesia Carolina var. Carolina L., Carolina

silverbell. Pp. 441, 442 in Seeds of woody plants in the United States, viii

+ 883 pp. U.S.D.A. Agr. Handb. No. 450. Washington, D. C. 1974. [Prop-

agation of H. Carolina by seed.]

Chester, E. W. A biosystematic study of the genus Halesia Ellis (Styraca-

ceae). xii + 299 pp. Unpubl. Ph.D. diss., Univ. Tenn. 1966.

Giersbach, J., & L. V. Barton. Germination of seeds of the silverbell, Halesia

Carolina. Contr. Boyce Thompson Inst. 4: 27-37. 1932.

Godfrey, R. K. Some identities in Halesia (Styracaceae). Rhodora 60: 86-

88. pi. 1231. 1958.

Hu, H. H., & W. Y. Chun. Halesia macgregorii Chun. Icones PL Sinicarum 1:

44. pi. 44. 1927.

LiNDLEY, J. Halesia parviflora. Bot. Reg. II: pi. 952. 1826. [= H. Carolina.']

Sargent, C. S. Mohrode7idron. Silva N. Am. 6: 19-24. pis. 257-259. 1894.

. Notes on North American trees. VIII. Jour. Arnold Arb. 2: 164-174.

1921. [Halesia monticola and H. parviflora, 171-173.]

Sims, J. Halesia tetraptera. Bot. Mag. 23: t. 910. 1806.

Key to the Species of Halesia in Cultivation

Corolla shallowly 4-(5-)lobed, the lobes less than V> the length of the cam-

panulate corolla (or rarely cleft nearly to the base); stamens 8-16; fruits

4-winged; leaves generally 2 times or more longer than broad 2.

2. Stamens exserted from the corolla at anthesis; corolla 8-15 mm. long;

fruits clavate, narrowly tapered to the base I. H. parviflora.

2. Stamens included within the corolla at anthesis; corolla 13-22 mm. long;

fruits ellipsoidal with broad, rounded bases, rarely ir clavate

Corolla deeply cleft almost to the base into 4 (or 5) petal-like lobes; stamens

usually 8, rarely to 16; fruits broadly 2-winged; leaves generally less than

2 times as long as broad i- H. diptera.



5S JOURNAL OF THE ARNOLD ARBORETUM [vol. 57

1. H. parviflora Michaux, Fl. Bor.-Am. 2: 40. 1803. Figure 1, d-f.

Shrubs or small trees to ca. 10 m., with dark, blackish-brown bark fis-

sured into narrow ridges; branchlets reddish-brown, obscurely stellate-

pubescent, becoming glabrous. Petioles 0.5-1.9 cm. long; leaf blades ob-

long-ovate to elliptic, 6-17 cm. long, 2.5-8 cm. wide, with acute to acu-

minate apices, serrulate margins, and cuneate to rounded bases; upper

and lower surfaces whitened by stellate hairs when young, at maturity

dull green, pubescent or glabrous above, finely stellate-pubescent below,

particularly along the primary veins. Flowers long-pedicellate, appearing

in spring with the leaves, usually 3 or 4 together in fascicles or occasional-

ly in irregular short racemes; pedicels and calyces 6-15 mm. long, the

calyx tube subentire or 4-toothed; corolla white, campanulate, shallowly

4-lobed, 8-15 mm. long; stamens 8-16, equal, exserted from the corolla

at an thesis; style elongate, exserted, usually exceeding the stamens; ovary

inferior. 2-4-loculate. Fruits clavate, terminated by the persistent style

base, gradually narrowed to the base, 2-4 cm. long, with 4 narrow, ±
equal wings. 2n = 24. (Halesia tetraptera L. var. parviflora (Michx.)

Schelle; H. tetraptera Ellis, sensu Godfrey; Mohrodendron parviflorum

(INlichx.) Britton.)

—

Little silverbell, Florida silverbell.

2. H. Carolina Linnaeus, Syst. Nat. ed. 10. 1044. 1759. Figure l,a-c.

Small trees, often with several trunks from near the base, to 10 m., or

occasionally large trees with a single trunk to 30 m.; bark bluish-gray
with longitudinal whitish or buff-colored streaks, becoming rough and
ridged in old specimens; branchlets with blackish bark exfoliating in thin,

longitudinal strips. Petioles stout, 0.7-2.4 cm. long; leaf blades ovate to

ovate-oblong, 9.5-22.5 cm. long, 4.5-9.8 cm. wide, with acute, short- or

long-acuminate apices, finely serrulate margins, and cuneate to rounded
bases: blades finely and often densely stellate-pubescent when young,
at maturity bright green and puberulous above, pale green, glabrous or
finely stellate-pubescent, particularly along the veins, below. Flowers
borne on slender, drooping pedicels, appearing in spring with expanding
leaves, in 3-8-flowered fascicles, in short, congested racemes, or rarely soli-

tary; pedicels and calyces 1-2.3 cm. long, the calyx tube obconic, with
4 deltoid or obsolete lobes; corolla white, white flushed with pink, or
pink, campanulate, 1.3-2.2 cm. long, with 4 shallow lobes (or rarely cleft

to below the middle); stamens 8-16, equal, included within the corolla;
ovary inferior, 4-locular, the slender style included or exserted. Fruits
green, becoming reddish-brown, usually ellipsoidal, terminated by the per-
sistent style base, rounded or tapered slightly at base, 2-6 cm. long,
with 4 broad to narrow wings. 2n = 24. (Halesia tetraptera Ellis; H.
tetraptera L.; Mohrodendron carolinum (L.) Britton; including H. tetra-
ptera f. meehanii Meehan ex Sarg., H. Carolina f. dialypetala (Rehder)
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Schneider, H. Carolina var. mollis (Lange) Perkins, H. monticola (Rehder)
Sarg., H. monticola var. vestita Sarg., and H. monticola var. vestita i.

rosea Sarg.)

—

Silverbell-tree, snowdrop-tree.

Native to the southeastern United States from West Virginia and Vir-

ginia south to South Carolina and northern Alabama, and westward through
Kentucky, Tennessee, and southern Ohio to Illinois, Arkansas, and Okla-

Variable in habit (small, shrublike trees, often with several trunks

from the base, to large, single-trunked trees), flower size and color (white,

white flushed with pink, or pinkish throughout), and leaf size and pu-
bescence, Halesia Carolina has been treated as comprised of several va-

rieties or has been divided into two closely related species, each with

a number of subordinate taxa. The majority of these taxa, moreover,

have been recognized at one time or another by botanists, horticulturists,

and nurserymen, resulting in a confused and awkward taxonomy. Recent

studies by Chester (1966), however, show that the characters used to

define these taxa (regardless of the rank assigned to them) are either

clinal over portions of the geographic range of the complex or exhibit

random variation without correlations worthy of taxonomic recognition.

As a result, H. Carolina is treated here as a single, variable species without

a constellation of varieties or forms.

Two names placed in synonymy have previously been considered as

cultivars. Forma meehanii Meehan ex Sarg. (Card. Forest 5: 534. 1892)

{H. Carolina L. var. meehanii (rvleehan ex Sarg.) Perkins, Pflanzenr.

IV. 241(30): 97. 1907) (= cv. Meehanii), a small bushy tree, was de-

scribed from a plant that appeared as a seedling. Chester considers this

plant to be a teratological form of H. Carolina with short-pedicellate flow-

ers, small, cup-shaped corollas, and thickish, rugose leaves. In addition,

plants of H. monticola var. vestita Sarg. (Jour. Arnold Arb. 2: 171.

1921) with pink flowers have been designated as f. rosea Sarg. {loc. cit.)

( = cv. Rosea) and have also been considered as a cultivar of H. Carolina.

It should be noted, however, that evidence presented by Chester indicates

that the pink coloration of the corollas is subject to environmental modi-

fication (the pink color is developed in the absence of direct sunlight)

and is also partially a function of the age of the flower. It is questionable,

therefore, whether corolla color would remain true unless clonal progeny

were grown under certain environmental conditions.

3. H. diptera Ellis, Phil. Trans. Roy. Soc. London 51: 931, 932. t. 22,

fig. b. 1761. Figure 1, g, h.

Shrubs or small trees to 10 m.; bark reddish-brown, flaking into small,

thin scales and irregularly longitudinally fissured; branchlets grayish or

brownish, lustrous, with scattered stellate hairs, becoming glabrous and

purplish-black. Petioles 1-3.3 cm. long; leaf blades ovate to obovate,

8.5-18 cm. long, 4.5-10.8 cm. wide, with acuminate apices, denticulate-

serrate margins, and rounded to cuneate bases; blades light green, pubes-
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cent along the veins above, pubescent over the entire surface below, par-

ticularly along the conspicuous, reticulated veins, often becoming ±
glabrous with age. Flowers occurring with the leaves in spring, long-

pedicellate, 2-6 together in fascicles or in short racemes; pedicels and

calyces 1-1.8 cm. long, the calyx tube obconic with deltoid lobes; corolla

white, 0.9-1.7 cm. long, deeply divided nearly to the base into 4 (rarely

5) ovate or obovate lobes; stamens usually 8 (or sometimes to 16), equal,

included; ovary 2- or rarely 4-locular. the style elongate, slender, included.

Fruits reddish-brown, compressed, oblong, terminated by the persistent

style base, 2.5-5 cm. long, with 2 conspicuous broad wings. In - 24.

{Mohrodendron dipterum (Ellis) Britton.)

—

Snowdrop-tree.

Native to the Atlantic and Gulf coastal plains of the southeastern

United States from South Carolina to eastern Texas.

Plants with larger flowers (the corolla 2-?> cm. long and the pedicel

and calyx 1.6-2.8 cm. long) have been recognized as var. magniflora R.

K. Godfrey (Rhodora 60: 88. 1958). This variety occurs naturally in

rich deciduous woodlands of southern Georgia, in the panhandle of north-

ern Florida, and in southern Alabama.

2. Pterostyrax Siebold & Zuccarini, Fl. Jap. 1 : 94. 1839.

Deciduous trees or shrubs, the branchlets with continuous pith; winter

buds enclosed by 2 overlapping, stellate-pubescent scales. Leaves petiolate,

the blades chartaceous, elliptic, ovate, or oblanceolate, with entire to

serrate or denticulate margins (the veins ending in apiculate teeth), at-

tenuate to rounded bases, and acute, short-acuminate, or truncate and
3-lobed apices; upper surfaces variously pubescent, sometimes glabrescent;

lower surfaces stellate-pubescent, occasionally with simple hairs along
the veins. Flowers several to numerous, ± secund in densely stellate-

pubescent paniculate or corymbiform inflorescences terminating short

lateral branchlets from second-year wood; pedicels articulated at the

base of the calyx. Calyx adnate to the ovary, with 5 teeth or lobes.

Corolla white, deeply cleft almost to the base into 5 lobes. Stamens 10,

exserted, the filaments connate basally for a portion of their length.

Gynoecium 3-, rarely 4- or S-carpellate; ovary inferior, 3- (4- or 5-)locular,

each locule with 4 ovules; style simple, exserted, with a small, persistent
annular disc at its base. Fruits indehiscent, subglobose to clavate, winged
or ribbed, variously pubescent. Seeds 1 or 2, tightly enclosed in the fruit.

(Including Decavenia Koidzumi.) Type species: P. corymbosa Sieb. &
Zucc. (Name from Greek pteron, wing, and Styrax, the closely allied

genus, in reference to the winged fruits of the type species.)

Four or five species of eastern Asia in Japan, China, and Burma. In
addition to the two species treated below, Pterostyrax psilophyllus Diels
and P. leveillii Chun have been described from China, while P. burmanicus
Smith & Farrer is native to Burma.
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i-m, P. hispida:

j, longitudinal section of flower (corolla and and
cross-section of ovary, showing 3-locuIar conditio

pendent infructescences, X Vi\ m, individual fruit, showing long, bristlelike

hairs, X 3. n, fruit of P. corymbosa, X 3.
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Shirasawa, H. Halesia hispida and Halesia corymbosa. Icones Essences Fores-

1. Flowers in pendent, secund, paniculate inflorescences (8-) 10-20 cm. long;

calyx lobes deltoid; lower surfaces of the leaf blades stellate-pubescent, usu-

ally with long, simple hairs along the veins; young branchlets glabrous;

fruits finely ribbed, stellate-pubescent and beset with longer, stiff, yellowish-

brown simple hairs LP. hispida.

1. Flowers in drooping, zt secund, corymbiform inflorescences 6-8 cm. long;

calyx lobes subulate; lower surfaces of the leaf blades stellate-pubescent,

without simple hairs along the veins; young branchlets loosely stellate-

pubescent; fruits 5-winged, finely stellate-pubescent, lacking long, simple

hairs 2. P. corymbosa.

1. P. hispida Siebold & Zuccarini, Abh. Math-Phys. CI. Akad. Wiss.

Munchen 4(3): 132. 1846; FL Jap. Fam. Nat 2: 8. 1846.

Figure l,i-m.

Trees or shrubs, often with several trunks from the base, to ca. 14 m.,

with brownish or grayish bark fissured in a checkered pattern; young
branchlets reddish-brown, glabrous, the periderm on older growth exfoliat-

ing in thin strips. Leaf blades 7-14 cm. long, 2.5-6.5 cm. wide, oblong,

obovate, or lanceolate, with attenuate bases, finely denticulate margins,
and acute to attenuate apices; upper surfaces bright green with scattered

simple hairs, particularly along the veins, becoming glabrous; lower sur-

faces pale, grayish-green, sparsely to densely stellate-pubescent over the

entire surface and with simple hairs along the veins. Flowers secund in

pendent paniculate inflorescences (8-) 10-20 cm. long terminating short,

lateral branchlets, often with reduced paniculate inflorescences in the

axils of the subtending leaves; pedicels and calyces 4-5 mm. long, dense-
ly stellate-pubescent, the calyx lobes ± deltoid; corolla lobes 6-7 mm.
long, linear-oblong, densely stellate-pubescent; stamens long-exserted, the

filaments free nearly to the base; style exserted, exceeding the stamens.
Infructescences pendent, the fruits (8-) 10-15 mm. long, clavate, terminated
by the persistent calyx lobes and style base; surface of the fruits finely

ribbed, the ribs often obscured by fine stellate hairs and numerous long,

stiff, yellowish-brown simple hairs. (P. micrantha Sieb. & Zucc; De-
cavenia hispida (Sieb. & Zucc.) Koidzumi; D. micrantha (Sieb. & Zucc.)
Koidzumi.)

—

Epaulette tree.
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Native to mountainous regions of Japan; also known from Hupeh and
Szechwan provinces, China. With the exception of one collection, all her-
barium sheets of cultivated Pterostyrax from North America examined
during this investigation belong to this species. A handsome small tree

or large shrub that blooms during June and July, P. hispida deserves
to be more widely planted.

2. P. corymbosa Siebold k Zuccarini, Fl. Jap. 1: 96. t. 47. 1839.

Figure l,n.

Shrubs or small trees with smooth, grayish bark; young branchlets with
scattered stellate hairs, the periderm on older branchlets grayish-brown,

exfoliating in thin strips. Leaf blades 4-9.5 cm. wide, 6-17 cm. long,

ovate or obovate to broadly elliptic or oblanceolate, with rounded to at-

tenuate bases, subentire, serrulate, or denticulate margins, and short-

acuminate apices; upper surfaces pale green, finely stellate-pubescent,

particularly along the veins, the lower surfaces with scattered stellate

hairs. Flowers in short, drooping, ± secund, corymbiform inflorescences

6-8 cm. long, terminating short, lateral branchlets, sometimes with small

inflorescences in the axils of subtending leaves; pedicels and calyces 3-4

mm. long, densely stellate-pubescent, the calyx lobes subulate; corolla

lobes 7-8 mm. long, linear-elliptic, densely stellate-pubescent; stamens

exserted, the filaments connate, often forming a tube for most of their

length; style exserted, about as long as or longer than the stamens. In-

fructescences drooping, the fruits 10-17 mm. long, narrowly 5-winged,

terminated by the persistent basal portion of the style; surfaces of the

fruits very finely stellate-pubescent. 2n = 24. {Halesia corymbosa (Sieb.

& Zucc.) Nicholson.)

Native to mountainous regions of Japan and Kiangsi and Hunan prov-

inces, China; to our knowledge, documented as cultivated in North Ameri-

ca by only one collection [F. G. Meyer 13808, May 12, 1973, aah, na)

from a private garden in Maryland.

Leaves petiolate, the blades chartaceous to coriaceous, elliptic to oblong-

ovate, with acute to acuminate apices, serrate or serrulate margins (the

veins ending in apiculate teeth), and attenuate to ± rounded bases; sur-

faces of the blades glabrous, glabrescent, or densely stellate-pubescent,

particularly along the veins. Flowers borne on slender pedicels in leafless

racemose or paniculate inflorescences above leaf scars on second-year

branchlets. Calyx tube obconic, 5-toothed, the tube adnate to the ovary.

Corolla white, occasionally flushed with pink, deeply 5-lobed nearly to

the base. Stamens (8-) 10, of 2 lengths, the filaments coherent at the
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base and often adnate to the corolla or free. Gynoecium 3-5-carpellate;

ovary ± totally inferior, 3-5-locular, each locule with 4-6 ovules; styles

simple, slender. Fruits large and woody, with thin, corklike exocarp and

fibrous, spongy endocarp, indehiscent, glabrous or stellate-pubescent, ob-

long or ellipsoidal, unribbed and smooth or ribbed and sometimes deeply

sculptured. Seeds 1-3, cylindric. Lectotype species: R. macrocarpum

H. H. Hu; see H. H. Hu, Lingnan Sci. Jour. 12(suppl.) : 112. 1933.

(Name honoring Professor Alfred Rehder, Curator of the Arnold Arbore-

tum, student of Chinese botany, and teacher of Chinese botanists, and

from Greek dendron, tree.)

Perhaps ten species of eastern Asia in the temperate and subtropical

regions of China and Indo-China. Although ten species have been de-

scribed, it is doubtful that all would be maintained if the taxonomy of

the genus were re-evaluated. Poorly represented in herbarium collections,

the genus is infrequently encountered in cultivation; only the lectotype

species is documented as grown in North America.
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Small trees to ca. 10 m. with grayish-black bark; young branchlets

reddish-brown, glabrescent, the buds stellate-pubescent. Leaves membra-
naceous, 7-13 cm. long, 3.5-5.5 cm. wide, elliptic-ovate to oblong or lan-

ceolate, with acute to acuminate apices, serrulate, red-tinged margins, and
broadly cuneate to subrounded bases, the lamina sometimes decurrent

along the short, glabrescent, scarlet petiole; upper surfaces green or red-

dish-green, glabrous, the lower surfaces paler green and stellate-pubescent

along the reddish midvein and primary veins. Flowers borne on slender

pedicels 3-10 (-15) mm. long in short, few-flowered paniculate inflores-

cences; calyx tube ca. 4 mm. long, the lobes deltoid; corolla white (or

apparently sometimes flushed with pink), the 5 lobes 10-1 5 (-18) mm.
long, ovate to elliptic, pubescent on both surfaces; stamens (8-) 10, of

2 lengths, partly exserted; ovary inferior, the simple style about equalling

the longer stamens. Fruits oblong-ovoidal, light reddish-brown, (4-)6-
8.5 cm. long, 2.5-3 cm. in diameter, 8-10 ribbed, glabrous; seeds 1 or

2 through abortion, cylindrical, brown, ca. 5 cm. long.
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Apparently endemic to a small area of Szechwan Province in western
China, where the original collections of this species were made on Mount
Omei between 1800 and 2000 meters.

4. Styrax Linnaeus, Sp. PI. 1 : 444. 1 753 ; Gen. PI. ed. 5. 203. 1 754.

Evergreen or deciduous trees or shrubs, usually with several superposed

winter buds with 1 outer scale; young branchlets commonly stellate-pu-

bescent. Leaves subsessile to distinctly short-petiolate, the blades ovate,

elliptic, oblong, lanceolate, or occasionally suborbicular, with subentire,

serrate, dentate, or lobulate margins; surfaces of the blades glabrous or

variously stellate-pubescent. Flowers arranged in axillary and or ter-

minal i)aniculate, racemo-^e. or corymbose inflorescences, usually on short

lateral branchlets and often with solitary or 2 to several flowers in the

axils of subtending leaves. Calyx persistent, cuplike. 5- or rately 6- or 7-

V;Ii?0^#f^

isilateral hilum,

a-d Rehderodendron macrocarpiim

,econd-\ear branchlet, X ^j, b, llow-

^ome stamens removed) showing stamens of two unequal

ilation at base of cahx X 2, c, woody, ribbed fruit, X ""l',

fruit showing two seeds and fibrous endocarp X ''4 e. habit

f Styrax amencana, X 'j f g. -*> obassia f flower (note lack

base of calyx}, X '4; g longitudinal section of flower showing

on of the corolla and epipetalous fllaments, X 6 h, i, S.

, showing pendulous fruits, X VI', i, seed, showing c
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toothed, undulate, or subentire. Corolla usually white, sometimes reddish-

brown on the adaxial surface, deeply to shallowly cleft into 5 (rarely

6 or 7 ) lobes, the corolla tube shorter or rarely longer than the free lobes,

insertion hypogynous to perigynous; corolla lobes imbricate or valvate

in bud, often stellate-pubescent on the abaxial surfaces, usually spread-

ing or reflexed at anthesis. Stamens 10, the filaments basally connate and

adnate to the corolla tube. Gynoecium 3-carpellate; ovary essentially

superior to partially inferior, usually adnate to the calyx tube, at least

basally, 1-3-locular at base, 1-locular above, with 4-6 ovules per locule;

style simple, elongate, terminated by a small, often 3-lobed, capitate stig-

ma. Fruits dry, crustaceous, subtended by the persistent calyx, globose

to ovoid-oblong, apically 3 -valvate. irregularly dehiscent, or indehiscent.

Seeds 1 or rarely 2, subglobose, ovoid, or ellipsoidal, with a conspicuous

basilateral hilum, the seed coat hard and smooth, crustaceous, wrinkled,

papillate, or stellate-pubescent. Type species: 5. officinale L. (Styrax,

the Greek name for the type species and for storax, a resin obtained from

that species and used in incense.) — Styrax, snowbell.

Approximately 120 species of eastern Asia (primarily in tropical and

subtropical areas), the West Indies, South and Central America, the

Mediterranean region (one species), and North America, where about

six species are native. Several species native to the East Indies (not in

used medicinally as an expectorant, stimulant, and antiseptic, as well as

in the manufacture of perfumes and vanilla cream candies. Often termed
storax, the resin obtained from species of Styrax should not be confused

with resins derived from species of Liquidambar (Hamamelidaceae),
which are known as styrax.

Styrax shirianum Makino of Japan and 5. veitchiorum Hemsley & Wil-

son of China were included by Rehder (1940, 1949) but are omitted from
the present treatment, since we have found no evidence of their cultivation

in our area. Both of these species are grown in England and are attractive

ornamentals worthy of cultivation in North America. Moreover, S. su-

berijolium Hooker & Arnott, an evergreen species of China and Taiwan,
has been incorrectly recorded as growing at the United States National
Arboretum: it is therefore not included here.

BoYXTON, K. R. Styrax japonica, Japanese storax. Addisonia 7: 13. pi. 231.

1922.

CoPELAND, H. F. The Styrax of northern California and the relationships of

the Styracaceae. Am. Jour. Bet. 25: 771-780. 1938.
Fang, W. P. Styrax Hemsleyanns and Styrax japonicus. Icones PI. Omeiensium

1: pis. 47, 48. 1942.

GoNSOULiN, G. J. A revision of Styrax (Styracaceae) in North America. Cen-
tral America, and the Caribbean. Sida 5: 191-258. 1974.

HiLLiER & Sons. Styrax. Pp. 384, 385 in Hilliers' Man. Trees Shrubs, ed. 3.

576 pp. Winchester. 1973.
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Hooker, J. D. Siyrax sennlatum. Bot. Mag. 98: t. 5950. 1872. [= S. jap

see also Hooker's article on 5. obassia. Ibid. 115: /. 7039. 1889.]

Hutchinson, J. Styrax Hemsleyaniis. Bot. Mag. 136: /. 8339. 1910.

Johnson, A. T. Some Styrax species. Gard. Chron. IH. 139: 175. 195(

Mears, J. A. Phylogenetic, biochemical, and morphological studies wi

living specimens of naturally extinct or relictual Styrax >])ccics.

41: 61-69. 1972. [Considers American species in rulti\atinii

Henry Foundation for Botanical Research, GladAvxiK-, renns\l\ :iii

Perkins, J. Beitrage zur Kenntnis der Styracaceae. Bot. Jaliih. 31: -

1902. [Includes key to Asiatic species of Styrax.]

ROLFE, R. A. Styrax Wihonii. Bot. Mag. 138: /. 8444. 1912.

Inflorescences terminal, few-flowered leafy racemes, the flowers paired (o

rarely solitary) terminally, and usually solitary or paired in the axils o

subtending leaves 1. S. americamim

Inflorescences few to many-flowered, bracteate, terminal and/or axillary ra

cemes or panicles, often with solitary or fascicled flowers in the axils o

subtending leaves 2

2. Pedicel and calyx glabrous, 2.5-3.5 cm. long; corolla lobes ± ovate

6-8 mm. wide 2. S.
,

3. Lower surfaces of the leaf blades densely matted, felted or en-

tirely covered with stellate hairs, the hairs sometimes minute. ... 4.

terminal racemes (7-) 12-17 cm. long, often with solitary flowers

in the axils of subtending leaves; corolla lobes (1.3-) 1.5-2 cm.

long 4. S. obassia.

4. Lateral and terminal buds exposed, not concealed by petiole bases;

flowers in terminal and/or axillary racemes or panicles less than

10 cm. long, often with solitary or fascicled flowers in the axils

of leaves below; corolla lobes less than 1.5 cm. long S.

5. Leaf blades (1-) 1.5-3 (-4) cm. long, (0.5-)1.5-2(-2.5) cm.

wide, the majority with irregularly and shallowly lobulate mar-

gins above the middle, entire or serrulate below the middle.

5. Leaf blades (4-) 5-11 (-16) cm. long, 2-10(-ll) cm. wide,

the margins entire, serrate, undulate to angulate or occasional-

ly sinuately lobulate 6.

6. Leaves usually suborbicular to broadly ovate, the margins

undulate to angulate and often sinuately lobulate

7. 5. platanifolium var. piatanifolium.

6. Leaves usually elliptic to obovate, the margins entire or

7. Flowers alternate or paired in inconspicuously brac-

teate racemes terminating short lateral branchlets,

often with smaller axillary racemes or solitary or paired

flowers in the axils of leaves below; filaments ± dense-
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ly stellate-pubescent at base; petioles (3-) 5-10 mm.

long 3. 5. grandijolium.

7. Flowers fascicled as well as occasionally solitary and

alternate in bracteate axillary and/or terminal panicles,

often with fascicled flowers in the axils of subtending

leaves; filaments densely villous at base; petioles 1-3

Lower surfaces of the leaf blades glabrous or with scattered stellate

hairs, primarily along the veins, the surfaces not densely matted,

felted or entirely covered by stellate hairs 8.

8. Flowers in few-flowered axillary racemes (at anthesis the flowers

often appearing fasciculate and the racemes terminal); leaves

with undulate to angulate and often sinuately lobulate margins.

7. 5. platanijolium var. stellattim.

8. Flowers in several- to many-flowered terminal and/or axillary

racemes or panicles, often with solitary or fascicled flowers in the

axils of subtending leaves; leaves with subentire, serrate, or den-

ticulate margins 9.

9. Filaments densely villous at base; petioles 1-3 mm. long; flow-

ers fascicled as well as occasionally solitary and alternate in

bracteate axillary and/or terminal panicles, often with fascicled

flowers in the axils of subtending leaves

6. 5. dasyanthiim var. dasyanthwn.

9. Filaments stellate-pubescent at base; petioles (3-) 5-1 5 mm.
long; flowers alternate or paired in inconspicuously bracteate,

sometimes basally branched, terminal racemes, often with

smaller axillary racemes or solitary or paired flowers in the

axils of leaves below 10.

10. Small trees; calyx densely rusty stellate-pubescent; ter-

minal racemes usually branched basally; raceme rachis

subglabrous to finely stellate-pubescent

1 Lamarck, Encycl. Meth.

Shrubs to 4 m.; young branchlets sparingly stellate-pubescent, becom-
ing glabrous; periderm on older branchlets exfoliating in thin strips, ex-

posing dark, purplish-black or silvery-gray bark. Leaves short-petiolate,

the petioles (l-)3-5 mm. long; leaf blades elliptic, oblong, or ovate to

obovate, 2-10 cm. long, 1.5-3.5 cm. wide, with acute to short-acuminate
apices, obscurely to distinctly serrate margins, and acute bases; upper
surfaces of the blades dark green, glabrous to sparingly stellate-pubescent,

the lower surfaces pale green, glabrous to densely stellate-pubescent.

Flowers in short, few-flowered, leafy racemes, the flowers solitary or usu-
ally paired terminally at the ends of short branchlets and solitary or paired
in the axils of leaves below; pedicels drooping, slender, the pedicels and
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calyces glabrous to densely stellate-pubescent, (7-) 9-1 8 mm. long; co-

rolla lobes oblong-elliptic, 10-12 mm. long, 3-5 mm. wide; stamens in-

cluded, the styles slightly exserted. Fruits apically 3-valvate, subglobose,

8-10 mm. long, tan; seeds dull reddish-brown, longitudinally grooved,

subglobose, 8-10 mm. long, usually 1 per fruit. 2n = 16. (Including 5.

americanum var. pulverulentum (Michx.) Rehder.)

Native to the eastern United States from Pennsylvania southward into

Florida and west into Indiana, Illinois, Missouri, Arkansas, and eastern

Texas. Both Rehder (1940, 1949) and Gonsoulin (1974) recognized

plants with elliptic to ovate or obovate leaves, the petioles and upper

surfaces of the blades sparingly stellate-pubescent and the lower surfaces

of the blades pulverulent and finely to densely stellate-pubescent, and

with densely stellate-pubescent pedicels and calyces as var. pulverulen-

tum (Michx.) Rehder in Bailey (Stand. Cyclop. Hort. 6: 3280. 1917)

(5. pulverulentum Michx., 5. americanum f. pulverulentum (Michx.)

Perkins). However, the numerous plants intermediate between var.

americanum and var. pulverulentum attest to Gonsoulin's report (1974)

that hybridization and backcrossing occur in localities where the two taxa

grow together, and they indicate that recognition of var. pulverulentum

is not merited.

2. S. japonicum Siebold & Zuccarini, Fl. Jap. 1: Si. t. 23. 1835.

Figure 2, h, i.

Shrubs or many-branched small trees to 10 m.; young branchlets glab-

rate, older branchlets with silvery-gray periderm exfoliating in thin strips,

exposing reddish- or purplish-brown inner bark. Leaves petiolate, ± erect

or ascending, the blades elliptic-ovate to narrowly oblong, 2.5-8 (-12) cm.

long. 1.5-3. 5 (-6. 5) cm. wide, with acute, abruptly acuminate, or short-

caudate apices (the apex itself often mucronulate), finely serrulate mar-

gins (often entire below the middle), and cuneate to attenuate bases, the

lamina often decurrent along the sparingly pubescent petiole; upper and

lower surfaces of the blades with scattered stellate hairs, principally along

the veins. Flowers pendulous, in loose, 3-5-flowered racemes terminating

short lateral branchlets, usually with solitary flowers in the axils of sub-

tending leaves; pedicels long and slender, the pedicels and calyces 2.5-

3.5 cm. long, glabrous; corolla lobes 9-14 mm. long, 6-8 mm. wide, ovate-

elliptic: stamens slightly shorter than the corolla; styles ± exserted.

Fruits subglobose to ellipsoidal, often with a mucronate apex, (9-) 10-15

mm. long; seeds 1 or rarely 2 per fruit, ovoidal, reddish-brown, longitu-

dinally 2- or 3-grooved. 2n = 40.^

—

Japanese snowbell.

Native to Japan, China, Korea, Taiwan, and the Philippines. Several

varieties and forms, some of questionable validity, have been recognized

from over the geographic range of the species, yet none of these variants

appear to be in cultivation in our area. This is undoubtedly the most fre-

quently encountered cultivated species of Styrax.
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3. S. grandifolium Alton, Hort. Kew. 2: 75. 1789.

Shrubs to about 8 m.; young branchlets finely roughened by stellate

hairs, the older branchlets with blackish or brownish, finely fissured bark-

Leaves petiolate, the petioles (3-) 5-11 mm. long; leaf blades elliptic to

ovate or typically obovate, 4-10(-20) cm. long, 2.5-7(-12) cm. wide,

with short-acuminate or acute apices, subentire or remotely serrulate or

denticulate margins, and cuneate to subrounded bases; upper surfaces of

the blades pale to dark green, with minute stellate hairs along the veins

when young; lower surfaces of the blades glabrous or usually sparsely to

densely stellate-pubescent over the entire surface, the pubescence often

imparting a silvery- or grayish-green color. Flowers in terminal, bracteate

racemes 5-10 cm. long on short lateral branchlets, usually with paired or

solitary flowers, or occasionally smaller racemes in the axils of subtending

leaves; pedicels and calyces 8-11 mm. long, silvery stellate-pubescent;

corolla lobes 10-14 mm. long, 3-4 mm. wide; stamens ± as long as the

corolla, the filaments densely stellate-pubescent at base; styles ± exserted.

Fruits globose, often with an apiculate apex, 7-9 mm. in diameter, apical-

ly 3-valvate; seeds 1 or rarely 2 per fruit, subglobose, 7-9 mm. long, dull

dark brown. 2n = 32. — Big-leaf snowbell.

Native to the southeastern United States from Virginia and Tennessee

southward into Florida, Alabama, Mississippi, Louisiana, and eastern

Texas. Plants of Styrax grandifolium have been reported to sucker ex-

tensively from the roots.

Shrubs or more often small trees to 10 m. with ascending to horizontal

branches, usually forming a rounded crown; young branchlets floccose stel-

late-pubescent, soon glabrous, the periderm on second-year branchlets

dark reddish-brown or blackish, exfoliating in thin sheets. Petioles floc-

cose stellate-pubescent, becoming glabrous, the lower portion winged, en-

closing the terminal or lateral buds; leaf blades broadly elliptic or

more commonly suborbicular or orbicular, 8-16(-20) cm. long, 8-14 cm.
wide, with shortly acuminate to rounded apices, subentire to irregularly

dentate margins (the teeth apiculate), and rounded to broadly cuneate
or truncate bases; upper surfaces of the blades dark green, with stellate

hairs along the veins, becoming glabrous; lower surfaces of the blades

grayish-green, densely matted with stellate hairs, when young with floc-

cose stellate hairs along the veins. Flowers in drooping terminal racemes

(7-) 12-1 7 cm. long on short lateral branchlets, often solitary in the axils

of leaves below; pedicels and calyces 1.2-2 cm. long; corolla lobes (1.3-)
1.5-2 cm. long, 5-9 mm. wide, elliptic to elliptic-ovate; stamens about
as long as the corolla, the styles slightly longer. Fruits (1-) 1.5-2 cm.
long, subovoid to conical, often with a short, rostrate apex, the surface



SPONGBERG, STYRACACEAE

Native to Japan, China, Korea, and Manchuria. The beautiful large

racemes, often partially hidden by the large leaves, and the handsome
habit of the plants make this species deserving of wider use as an orna-

mental.

5. S. hemsleyanum Diels, Bot. Jahrb. 29: 530. 1901.

Trees (or shrubs?) to ca. 10 m., young branchlets sparingly stellate-

pubescent, soon glabrous, the periderm on older branchlets exfoliating in

thin, longitudinal strips, exposing grayish- or reddish-brown inner bark.

Leaves petiolate, the blades ovate, obovate, broadly elliptical, or lanceolate,

6-10.S(-13) cm. long, 2.5-6.5 (-9) cm. wide, with remotely serrulate

to finely serrate or denticulate margins, abruptly acuminate (or rarely

rounded) apices, and broadly cuneate to rounded bases; lower surfaces

of the blades reticulate, glabrate, or with scattered stellate hairs along

the veins. Flowers in remotely bracteate terminal racemes on short lat-

eral branchlets, the racemes (4-) 6-13.5 cm. long, often branched below

and often with smaller racemes in the axils of subtending leaves
;
pedicels

and calyces 0.8-1.2 cm. long, the calyx tubes densely stellate-pubescent

and with large, darker stellate hairs scattered over the surface; corolla

lobes elliptic, 0.9-1.5 cm. long, 4-5 mm. wide; stamens included, the

styles ± equalling the corolla. Fruits oblong-ovoid, 1-1.3 cm. long, de-

hiscing into 3 valves from the apiculate apex; seeds 1 per fruit, ovoid-

acute, reddish-brown, ca. 1-1.2 cm. long, the seed coat often with 1 or

2 shallow longitudinal grooves.

Native to Honan, Hupeh, and Szechwan provinces in central China.

6. S. dasyanthum Perkins, Bot. Jahrb. 31: 485. 1902.

Shrubs or small trees to 8 m.; young branchlets finely stellate-pubes-

cent, becoming glabrous, the periderm on older branchlets exfoliating in

thin strips, exposing dark reddish- or purplish-brown bark. Leaves sub-

sessile to short-petiolate, the petioles 1-3 mm. long; leaf blades elliptic,

broadly elliptic, or obovate, (2-)4-13.5 cm. long, (1.5-)2-6(-7) cm.

wide, with finely serrate margins, cuneate to rounded bases, and acute,

acuminate, or abruptly acuminate apices; upper surfaces of the leaf

blades glabrous or with scattered stellate hairs primarily along the mid-

vein; lower surfaces of the blades with scattered stellate hairs primarily

along the veins and in the axils of the midvein and lateral veins. Flowers

solitary and fascicled in bracteate panicles 6-8 cm. long terminating

short lateral branchlets, with solitary, paired, or fascicled flowers in the

axils of subtending leaves; pedicels and calyces 8-12(-14) mm. long;

corolla lobes lanceolate, (7-) 9-11 mm. long, ca. 2 mm. wide; stamens ±
as long as the corolla, the filaments densely villous at base; styles slightly
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Native to central China. The majority of herbarium specimens of this

species from cultivation in North America are referable to var. cineras-

cens Rehder (PI. Wilsonianae 1: 289. 1912), which was based on a plant

from Hupeh Province. Plants of var. cinerascens differ from plants of

var. dasyanthum, described above, in the dense stellate pubescence of the

young branchlets and in the matted stellate pubescence of the lower sur-

faces of the leaf blades.

7. S. platanifolium Engelmann ex Torrey, Smithsonian Contr. Knowl.

6: 4, in nota. 1853.

Many-branched small trees or shrubs to 4 m.; young branchlets fine-

ly or remotely stellate-pubescent, the periderm on older branchlets ex-

foliating in thin, longitudinal strips. Leaves petiolate, the petioles 5-10

(-13) mm. long; leaf blades suborbicular to broadly ovate, (1. 5-) 2.5-8

cm. long, (1.5-)2-9 cm. wide, with subcordate, rounded, truncate, or ob-

tuse bases and undulate to angulate, often sinuately lobulate margins;

upper surfaces of the leaf blades dull green, glabrous, the lower surfaces

glabrous or with scattered hairs along the conspicuously reticulated veins.

Flowers in short, 3-5-flowered, ± drooping, axillary racemes, the racemes

often appearing terminal and the flowers often appearing fasciculate at

anthesis; pedicels and calyces 8-1 2 (-18) mm. long, glabrous or finely

puberulent; corolla lobes 12-14 (-15) mm. long, 4-6 mm. wide; stamens

included, the style slightly exserted. Fruits globose or subglobose, 7-8

mm. in diameter, apically 3-valvate, the slender style often persistent;

seeds 1 per fruit, globose, ca. 7 mm. in diameter, orangish-brown.

Endemic to limestone canyons of the Edwards Plateau of Texas. Plants

with the lower surfaces of the leaf blades and the pedicels and calyces

thinly to densely stellate-pubescent have been recognized as var. stdla-

tum Cory (Madrorio 7: 111. 1943). Although Styrax platanifolium is

reported as cultivated at the Henry Foundation for Botanical Research,

Gladwyne, Pennsylvania, it is not known whether var. platanijoUmn, var.

stellatum, or both are represented in the collections there.

8. S. vi^ilsonii Rehder, PI. Wilsonianae 1: 293. 1912.

Small, many-branched shrubs to ca. 2 m.; young branchlets densely

stellate-pubescent, older branchlets with finely fissured, purplish-black

bark. Leaves subsessile to short-petiolate, the petioles 1-3 mm. long;

leaf blades broadly elliptic to rhomboid, (1-) 1.5-4 cm. long, (0.5-)l.S-

2.5 cm. wide, with acute to acuminate apices, irregularly and shallowly
lobulate margins (often subentire below the middle), and cuneate bases;

upper surfaces of the blades green, with stellate hairs along the veins,

the lower surfaces grayish, densely matted with stellate hairs, often with
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additional rusty stellate hairs along the veins. Flowers on very short

lateral branchlets, in 3-5-flowered, bracteate, terminal racemes and oc-

casionally in the axils of the few leaves below; pedicels and calyces 6-S

mm. long, the calyx densely stellate-pubescent, with larger rusty stellate

hairs superimposed and scattered over the surface; corolla lobes 7-8 mm.
long, 1-Z mm. wide, elliptic; stamens ± as long as the corolla; styles

slightly exserted. Fruits subglobose, ca. 5 or 6 mm. in diameter, the

subtending calyx persistently stellate-pubescent; seeds ovoid-subglobose,

5-6 mm. long, reddish-brown. (5. w'dsonii Rolfe.)

Apparently endemic to western Szechwan Province, China.

DGE, Massachusetts 02138

L Plain, Massachusetts 02130
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THE GENERA OF GUTTIFERAE (CLUSIACEAE)

IN THE SOUTHEASTERN UNITED STATES ^

GUTTIFERAE A. L. de Jussieu, Gen. PL 255. 1789, nom. cons.

Trees, shrubs, subshrubs, or perennial or annual herbs with translucent

or black secretory cavities present as dots or elongate sacs; sap resinous,

yellow [white or greenish] or clear and colorless. Leaves opposite, simple,

entire, exstipulate. Flowers perfect or imperfect (the plants then dioecious

[or polygamous]), often showy, regular, hypogynous, in simple or com-

pound dichasia or rarely solitary. Sepals 4 or 5 [-10], when 5, quincun-

cially imbricate (2 outside, 2 inside, 1 in and out). Petals 4 or 5 to 9 [10],

yellow, flesh-colored, greenish, or pink to white, usually asymmetrical,

convolute or imbricate vertically in the bud. Androecium of numerous to

few stamens, filaments elongate, distinct or united at base [or through-

out], staminodia present or absent; pollen usually 3-colporate. Gynoe-

cium of [1] 2-9 [-15] united carpels; styles as many as carpels, closely

connate or free and divergent, or stigmas sessile; stigmas capitate or

minute, or large and flat in Clusia; ovary superior, placentation axile,

pseudoaxile, or parietal; ovules numerous to few [or one], anatropous,

2-integumented. Fruit a septicidal capsule [berry or drupe]. Seeds small

[to large], the raphe inconspicuous or forming a keel, an aril present or

absent; embryo straight; endosperm lacking. (Clusiaceae Lindley, Nat.

Syst. ed. 2. 74. 1836, nom. alt. cons. Including Hypericaceae A. L. de

Jussieu, Gen. PI. 254. 1789, nom. cons.; type genus: Hypericum L.)

Type genus: Clusia L.

' Prepared for the Generic Flora of the Southeastern United States, a joint project

of the Arnold Arboretum and the Gray Herbarium of Harvard University made pos-

BMS74-21469 (Carroll E. Wood, Jr., principal investigator). This treatment follows

the format established in the first paper (Jour. Arnold Arb. 39: 296-346. 19S8) and
continued to the present. The area covered by the Generic Flora includes North and
South Carolina, Georgia, Florida, Tennessee, Alabama, Mississippi, Arkansas, and
Louisiana. The descriptions apply primarily to the plants of this area; supplementary
information is included in brackets. References that neither author has verified are

We are indebted to George Avery for his data on the distribution of Clusia rosea in

the Florida Keys and to W. T. Gillis and P. B. TomUnson for additional comments on
this species as it occurs in southern Florida. The illustration of Clusia was drawn by
Karen S. Velmure under the supervision of Kenneth R. Robertson, who noted the

occurrence of polyembryony in material collected by him and C. E. Wood, Jr., in the

Fairchild Tropical Garden, Miami, Florida. The illustration of Triadenum is the work
of Rachel A. Wheeler and is based largely on materials collected by C. E. Wood, Jr.
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A family of about SO genera and some 900 species chiefly of the tropics

and subtropics of both hemispheres. Hypericum L. and Triadenum Raf.

are widely distributed in our area; Clusia L. reaches it only on the

Florida Keys.

Engler (1925) considered the Guttiferae to comprise five subfamilies

(ten tribes), with Clusia in subfam. Clusioideae and Hypericum and

Triadenum in subfam. Hypericoideae. JMelchior adopted the same clas-

sification but added a sixth subfamily to accommodate Lorostemon Ducke.

Other authors (e.g., Lawrence, Gleason, Hutchinson, Takhtajan) have

efevated subfam. Hypericoideae to the rank of family (Hypericaceae).

From studies of the comparative anatomy of the Guttiferae, the Hyperi-

caceae, and related families. Vestal found that the Guttiferae do not differ

significantly from the arborescent members of the Hypericaceae. He
concluded that it is a matter of opinion whether the two taxa are con-

sidered as separate families or as a single family. After an intensive

investigation of the floral anatomy, Robson concluded that Engler's

subfam. Hypericoideae cannot be given familial status without dismem-

bering the Guttiferae completely and recognizing all the other subfamilies

as families, a clearly undesirable course because of the close interrelation-

ships of these subfamilies. Robson concluded further that subfam. Hy-

pericoideae is related to subfam. Clusioideae through Vismia Vandelli

and to subfam. Calophylloideae through Hypericum.

As the name Guttiferae suggests, a distinguishing characteristic of this

family is the presence of secretory cavities and/or canals throughout most

of the plant body. In many arborescent members these secretory recep-

tacles are filled with a white, yellow, or greenish resinous sap. A clear

resinous sap, especially noticeable in the shrubby species of sect. JMyrian-

DRA, is present in many species of Hypericum. The secretory cavities of

many of the herbaceous members of Hypericum, especially those of sect.

Hypericum, have a black pigment.

The Guttiferae seem to be closely related to the tribe Bonnetieae of

the Theaceae, and the two families may have evolved from a common

ancestral stock.

In our area the Guttiferae are of little economic importance. A few of

the shrubby species of Hypericum have occasionally been cultivated for

ornament. Fourteen species of Hypericum from the Old World are listed

by Bailey as being in cultivation in the United States and Canada. The

European H. perforatum L., poisonous to farm animals, is a noxious

weed, especially in western North America and Australia. In the West

Indies Garcinia Mangostana L., mangosteen, 2« = 76, and Mammea
americana L., mamee apple, mamey amarillo, mamey de Santo Domingo,

are highly prized for their edible fruits. Mammea is cultivated to some

extent in southern Florida. Experimental plantings of the mangosteen have

been made in southern Florida, but this strictly tropical fruit has not yet

been a success. ^Moderate success has been achieved with a few other

species of Garcinia, including G. Livingstonei T. Anderson.
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; Genera of Guttiferae in the Southeastern United States

General characters: plants with translucent or black secretory cavities pres-

ent as dots or elongate sacs; sap resinous, yellowish, greenish, or clear; flowers

perfect or imperfect, regular, hypogynous, 4- or 5-merous, usually in simple

or compound dichasia; stamens numerous to few, distinct or united at base;

gynoecium 2-10-carpellate ; ovides anatropous; placentation axile, pseudoaxile,

or parietal; fruit a septicidal capsule.

A. Leaves thick, leathery, obovate, rounded or emarginate at apex, cuneate at

at base; tree with viscid yellow sap; flowers imperfect; seeds arillate

L Clusia.

A. Leaves various, not as above; sap clear, not yellow; flowers perfect; seeds

not arillate.

B. Petals yellow; staminodia lacking; stamen fascicles (when present) con-

sisting of an unequal number of stamens; herbs, shrubs, or small trees.

2. Hypericum.

B. Petals flesh-colored, pinkish, or greenish; stamen fascicles 3, consisting

of 3 stamens each, alternating with 3 staminodia; herbs

3. Triadenum.

Subfam. CLUSIOIDEAE [Engler in Martius & Eichler, Fl. Brasil.

Tribe Clusieae [Choisy in DC. Prodr, 1: 557. 1824.]

1. Clusia Linnaeus, Sp. PI. 1: 509. 1753; Gen. PL ed. 5. 226. 1754.

Trees or shrubs, often epiphytic or half climbing on other trees and
sometimes strangling them, with a viscid resinous yellow [or white] sap

that flows from every part when cut. Leaves thick, leathery, rigid. [In-

florescences cymose or] flowers solitary and terminal. Flowers imperfect

[? rarely perfect], the plants dioecious [or seldom polygamous]. Sepals

4[-6]. Petals [4-] 6-9 [-10], white or rose-colored. [Staminate flowers:

stamens numerous, filaments united at base (or throughout), inner sta-

mens often staminodial; gynoecium rudimentary or lacking.] Carpellate

flowers: staminodia [5 to] many, united in a ring around the ovary [or

free]; gynoecium of [5-]6-9[-10] carpels; styles short and thick or

lacking; stigmas radiating; ovules numerous in each locule. Fruit thick,

leathery or fleshy, subglobose in ours, capped by the persistent stigmas,

at length capsular, dehiscent into as many valves as stigmas. Seeds in-

closed in a fleshy aril; outer seed coat fleshy, inner seed coat leathery;

cotyledons much reduced, the embryo consisting largely of radicle. Lec-
TOTYPE species: C. major L. (C. alba Jacq.); see N. L. Britton. N. Am.
Trees 700. 1908. (Name commemorating Charles de I'ficluse [Carolus
Clusius], 1525-1609, author of Rariorum plantarum historia.) —Balsam
APPLE, PITCH APPLE.

A genus of perhaps 100-200 species of the New World tropics and
subtropics. In the most recent outline of the genus Engler (1925) recog-
nized two subgenera and 17 sections. The taxonomy of the group is
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difficult, herbarium specimens are in many ways unsatisfactory for study,

and dioecism poses additional problems.

Clusia rosea Jacq., of subg. Clusia (subg. Thysanoclusia Vesque),

sect. Chlamydoclusia (Engler) Engler, is the only representative of the

genus in the United States, where it is a rare plant on some of the Florida

Keys. Reports of C. flava Jacq., of sect. Clusia (sect. Stauroclusia Plan-

chon & Triana), from Key West are unsubstantiated, specimens so labeled

being C. rosea instead (cf. Howard, 1962, p. 393). Clusia flava appears

to be restricted to Grand Cayman and Jamaica. Clusia rosea is a Ca-

ribbean plant distributed from the Virgin Islands through the Greater

Antilles to the Bahamas and southernmost Florida. In Florida it was

first collected at Key West (where it was long ago exterminated), and it

has since been found on Sugarloaf, Cudjoe. Little Torch, Big Pine, No
Name, and Bahia Honda keys, Monroe County, fide George Avery, who
notes that with the exception of the stations on Big Pine and No Name
keys, all of these localities are immediately adjacent to former habitations.

The plant is also known as an introduction on Key Biscayne, Dade Coun-

ty. Clusia rosea is nowhere frequent on the Keys, and in at least some

of these localities all of the plants appear to have been removed or

destroyed. With the ever-increasing alteration of the Florida Keys by

man, it is problematical whether this species will survive there as a wild

Under more favorable conditions than those in the Keys, Clusia rosea

may become a tree up to 20 meters tall. It often begins as an epiphyte

and grows like a stranghng fig (Ficus). It is easily recognized by the

very thick, leathery, obovate leaves that are either rounded or emarginate

at the apex and cuneate at the base; by the copious yellow sap; and by

the large, usually solitary flowers with six to nine white petals marked

with pink. The plant is a handsome ornamental and is frequently culti-

vated in southern Florida, where only carpellate individuals seem to be

present. Carpellate specimens set abundant fruit, however, and have vi-

able seeds, embryos evidently being produced apomictically. Van Tieghem

(1885) noted one to three embryos in seeds of C. rosea, and Vesque (1893,

p. 110) found that seeds from a fruit that he examined were all poly-

embryonic. Seeds from a tree in the Fairchild Tropical Garden in Miami

are also polyembryonic (see Figure 1, m, o, p). The distribution and

frequency of staminate plants in the West Indies is very uncertain, but

they appear to be rare or uncollected. None are represented in the collec-

tions of the Arnold Arboretum and the Gray Herbarium (but see Little

& Wadsworth, 1964, under family references).

In carpellate flowers of Clusia rosea the numerous staminodia are

almost completely fused together in a ring around the ovary. At anthesis

they begin to deliquesce from the tips downward into a sticky, brownish,

opaque mass that attracts bees. Both the conspicuous aril around the

seed and the fleshy outer seed coat are bright orange, and the seeds are

undoubtedly bird-dispersed. The embryo is notable for the greatly re-

duced cotyledons and relatively large radicle (cf. Figure 1, m).
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lapping petals, phalanges of staminodia to either side <

in each locule of ovary, x 2" c detail of "b" to sh ""f^'"'^'
"-"-""=;

X 3; d, gynoecium surrounded by staminodia -Tummy/ ddiqlsced"



1976] WOOD & ADAMS, GUTTIFERAE 81

Collectors of Clusia species should note the color of the sap (yellow or

white) that oozes from cut surfaces, for this characteristic is supposed to

delimit major groups of species. Efforts should also be made to obtain

specimens from both staminate and carpellate plants. No chromosome

counts have been recorded for any member of the genus.

Under family references see Alain, Baillon, Bextham & Hooker, Braxd-

ZA, Choisy (1823), Duke, Engler, Fawcett & Rendle, Leblois, Little &
Wadsworth, Lubbock, Miers, Planchon, Schofield, Tieghem, Vesque, and

Cook, O. F., & G. N. Collins. Economic plants of Porto Rico. Contr. U. S.

Natl. Herb. 8: 57-269. ph. 13-60. 1903. [C. rosea, 119, pi. 28 (fruit).]

Howard, R. A. Some Guttiferae of the Lesser Antilles. Jour. Arnold Arb. 43:

389-399. 1962. [Includes notes on C. rosea and C. flava.]

Maguire, B. Guttiferae. [Clusia sect. Clusiastriim and sect. Cochlanthera.]

Pp. 49-61 ifi B. Maguire, J. J. Wurdack, & collaborators, Botany of the

Guayana Highland— Part HI Mem. New York Bot. Card. 10(1): 1-156.

, A review of Chisia, sect. Polythecandra PI. & Tr. of the Guttiferae.

Soc. Venezol. Cien. Nat. Bull. 20(94): 363-370. 1959.

Mathur, S. B. Triterpenoid constituents of Clusia rosea. Phytochemistry 11:

1513, 1514. 1972.*

Ponce de Leon, A. Joyas de la flora cubana. El Copey {Clusia rosea Jacq.).

Revista Soc. Cuba. Bot. 3: 142, 143. 1946.

Schlechtendal, D. de. Guttiferae. In: De plantis in expeditione speculatoria

Romanzoffiana et in herbariis regiis observatis. Linnaea 8: 180-192. pi. 4.

1833. [Includes illustration of carpellate flower of C. rosea.']

Spach, E. Clusia rosea. Hist. Nat. Vegetaux Phanerog. 5: 311, 312. 1836;

Atlas: 19, pi. 40, fig. 2, A-M. 1846.

Standley, p. C. Clusiaceae. In: Trees and shrubs of Mexico. Contr. U. S.

Natl. Herb. 23: 824-827. 1923. [Includes account of use of leaves for

playing cards. Plant reported as C. rosea is probably another species; ac-

cording to Howard, C. rosea does not occur in either Central or South

America.]

part of staminodia removed (dissolved away with alcohol), X 1 ; e, cross section

of ovary from older flower to show placentation — note numerous secretory

ducts in ovary wall. X 2 ; f , branch with nearly mature fruit, X Vi] g. under-

side of unopened fruit with accrescent sepals (4) and pair of bracts at base of

peduncle, X V'; h, fruit from above to show persistent accrescent stigmas, X
'-; i, open capsule with arillate seeds, some near tips of woody valves, most
stacked in locules, X Vi;; j, seed with aril, X 3 ; k, seed, outer seed coat fleshy,

X 4; I, seed with outer coat removed, X 4; m, diagrammatic vertical section

of polyembryonic seed, fleshy outer seed coat hatched, mature embryo with

greatly enlarged radicle and small apical cotyledons filling most of seed, two

much smaller embryos at lower right, X 6; n, cross section of seed through

radicle of embryo — note numerous secretory ducts, X 6; o, smaller embryo
from "m," radicle enlarging, X 12; p, smallest embryo from "m," X 12.
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Subfam. HYPERICOIDEAE Engler in Martius & Eichler,

Fl. Brasil. 12(1): 391. 1888.

Tribe Hypericeae Choisy, Prodr. Monogr. Fam. Hyperic. 37. 1821.

2. Hypericum L. Sp. PI. 2: 783. 1753; Gen. PL ed. 5. 34L 1754.

Small trees, shrubs, subshrubs, perennial or annual herbs, generally

lacking pubescence. Leaves sessile or clasping, elliptic, oblanceolate, nar-

rowly linear or needlelike, with or without an articulation at base. In-

florescence usually a simple or compound dichasium; flowers perfect,

sepals 4 or 5, rarely 3 or 6, persistent long after fruit maturity or decid-

uous at capsule dehiscence. Petals 4 or 5, rarely 3 or 6, yellow, con-

volute in the bud, deciduous soon after anthesis or long-persistent as

withered remains. Stamens numerous, or only 5-10 (in small-flowered

species), in 3 or 5 fascicles or the filaments united at their bases to form

a shallow ring or narrow band, deciduous or persistent, staminodia pres-

ent or absent. Gynoecium of 5 (4, 3) or 2 carpels; ovary ovoid, gradu-

ally contracted into a stout persistent style, unilocular or partially di-

vided by intruding placentae, or completely 3-5-locular. Capsule globose,

ovoid or conic. Seeds short-cylindric ; seed coats finely to coarsely reticu-

late, occasionally obscurely striate. (Including Ascyrum L., Crookea
Small, Sarothra L., and Sanidophyllum Small.) Lectqtype species: H.
perforatum L.; see Britton & Brown, Illus. Fl. No. U. S. ed. 2. 2: 529.

1913. (Hyperikon, an ancient Greek name, probably for a species of this

genus.) —St. John's-wort.

A genus of some 300 species of the subtropics, the highland areas of

the tropics, and the warmer regions of the temperate zones. Represented
in our area by about 40 species.

Hypericum, as delimited in this treatment, is broadly conceived to in-

clude Ascyrum, Sarothra, Crookea, and Sanidophyllum. Support for this

concept of the genus comes from intensive studies by Robson and by
Adams on the floral anatomy and taxonomy of Hypericum, various gener-

ic segregates, and related genera.

A satisfactory infrageneric taxonomy of Hypericum has been most
difficult to achieve. Traditionally, flower structure has been used, espe-

cially the presence or absence of staminodia and the degree of fasciculation

of the stamens. Using these and other characters, Keller (in Engler,

1925) recognized 18 sections within the genus (as delimited by him).
Three of these, sect. Hypericum, sect. Brathys (Mutis ex. L. f.) Choisy,
and sect. Myriandra (Spach) Endl., are represented in our area. A
fourth, sect. Brathydium (Spach) Endl., has been united with sect.

Myriandra by Adams.
Section Hypericum is represented in our area by the indigenous H.

punctatum Lam., H. Mitchellianum Rydb., H. graveolens Buckley, and
H. pseudomaculatum Bush and by the introduced and widely naturalized
H. perforatum L. Members of this section have black dots and lines in
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their leaves, sepals, and petals; stamens

five fascicles; capitate stigmas; and thn

divergent from the base.

Perhaps the best known of these species is Hypericum perforatum,

In = 32, a European plant that was first reported in the United States

from near Lancaster, Pennsylvania, in 1793. In our area this plant is

merely a somewhat bothersome weed in pastures and old fields and along

roadsides, but in some of the Western States, especially in northern

California, "Klamath weed" becomes a noxious pest on rangelands. The
plants contain a photodynamic red pigment, hypericin, a napthodianthrone

derivative, which if eaten by livestock sensitizes the white areas of the

animal's skin to sunlight. Affected animals often develop body sores,

swollen ears, and sore muzzles, and their weight and vigor are greatly

reduced. Considerable progress has been made in the biological control

of H. perforatum, especially by several species of beetles of the genus

Chrysolina that have been introduced from Europe specifically for this

purpose. These beetles feed on the plants, eventually killing them. The
same control measures have been used successfully in Australia. Abun-

dant seed production (an average of more than 23,000 seeds per plant)

and prolific vegetative reproduction by both crown and root sprouts

contribute to the aggressive weedy nature of H. perforatum. Apomixis

has been discovered in European populations.

The 16 chromosomes of Hypericum punctatum and of H. Mitchellia-

num show ring formation of the Oenothera type at meiosis, a chromosomal

behavior that is often a sign of structural hybridity. The closely related

H. graveolens and H. pseudomaculatum are apparently normal cytological-

ly.

Section Brathys is represented in our area by about 11 species of an-

nual or perennial herbs belonging to subsect. Spachium Keller. Mem-
bers of this section are characterized by translucent glands in leaves, se-

pals, and petals; stamens generally fewer than 20 and arranged in three

to five obscure groups; styles separate to the base and widely divergent

at anthesis; and capitate stigmas. A striking member of this group is

Hypericum setosum L., a plant of wet pinelands on the Coastal Plain

from Louisiana to southeastern Virginia and the only hairy Hypericum

in North America. Another interesting species of sect. Brathys, H.

cumulicola (Small) P. Adams, the single species of Sanidophyllum, is a

wiry herbaceous perennial known only from the Pinus clausa scrub of

Highlands County, Florida. In its morphology and ecology, it seems to

be most closely related to H. gentianoides (L.) BSP. {Sarothra gen-

tianoides L.), which occurs over much of the eastern United States and

disjunctly in Belize {H. aphyllum Lundell) and Brazil. It is clear that

H. cumulicola represents merely an extreme evolutionary development

within the section. Similarly, H. gentianoides and H. Drummondii (Grev.

& Hooker) Torrey & Gray, closely related annuals of eastern North

America assigned by Small to Sarothra, are clearly members of sect.

Brathys allied to the H. canadense-H . denticulatum complex.
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Two different chromosome levels are known in sect. Brathys in eas-

tern North America. A diploid number of 16 occurs in H. boreale (Brit-

ton) Bicknell, H. mutilum L., H. majus (Gray) Britton, and H. cana-

dense L., while 2w equals 24 in H. gentianoides and H. dentkulatum Walter.

Counts are needed for the other species of the section.

Intensive study of sect. Brathys is needed for a satisfactory delimita-

tion of the species. Many of the taxonomic difficulties may be the result

of extensive hybridization. According to Fernald, H. mutilum hybridizes

with H. gymnanthum Engelmann & Gray, H. majus, and H. canadense,

while H. canadense, in turn, crosses with H. boreale and H. majus. Fer-

nald suggested that H. dissimulatum Bicknell is "perhaps an unusually

constant and recurrent hybrid" of H. canadense with either H. boreale or

H. mutilum.

Section Myriandra is represented in our area by about 30 species of

trees, shrubs, and herbaceous perennials. Plants of this section have

styles that are closely appressed along their entire length at anthesis,

minute stigmas (i.e., noncapitate ones), and translucent secretory cavi-

ties (dots or elongate sacs) throughout the plant body.

The taxonomy of sect. jMyriandra has been altered considerably by
Adams, who has extended the limits of subsect. Centrosperma Keller

(in Engler, 1895) to include nearly all of the species of subsect. Suturo-
sperma Keller. Thus enlarged, subsect. Centrosperma includes 15 spe-

cies of shrubs that have leaves and sepals with an articulation or groove

at the base. Subsection Suturosperma has been altered to include the

remnants of Keller's original subsection, plus the species formerly as-

signed to sect. Brathydium (Spach) Endl. and those placed in Ascyrum
and Crookea: H. stans (IVIichx.) Adams & Robson {Ascyrum stans

Michx.), H. Edisonianum (Small) Adams & Robson (.-1. Edisonianum
Small), H. tetrapetalum Lam. {A. tetrapetalum (Lam.) Vail), H. Hy-
pericoides (L.) Crantz {A. Hypericoides L.), H. stragulum Adams &
Robson (A. multicaulc Michx.), H. suffruticosum Adams & Robson (.4.

pumilum Michx.), H. microsepalum (Torrey & Gray) Gray ex S. Wat-
son {Crookea microsepalum (Torrey & Gray) Small). As thus delimited,

subsect. Suturosperma includes 15 species of shrubs and perennial herbs,

the leaves and sepals of which lack an articulation or groove at the base.

The redefined sect. Myriandra appears to be a very natural group, with-

in which Ascyru?n and Crookea are only extreme evolutionary develop-

One group of closely related species in sect. :\Iyriandra, the Hyperi-
cum jasciculatum complex, has long been difficult taxonomically. With-
in the group Adams has distinguished eight species, each with a distinc-

tive geographic range and specific habitat requirements. These eight {H.
jasciculatum Lam., H. lissophloeus P. Adams, H. Chapmanii P. Adams,
H. nitidum Lam., H. brachyphyllum (Spach) Steudel, H. reductum P.

Adams, H. Lloydii (Svenson) P. Adams, and H. exile P. Adams) most
likely share a common ancestry. They appear to be related through H.
galioides Lam. to H. densiflorum Pursh and other members of subsect.
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Centrosperma. Additional studies, especially of the anatomy of the leaves,

bark, and wood, are needed for a full understanding of infraspecific

variation and a better delimitation of the species.

Three members of this complex native to western Florida {H. Chap-
manii [Wakulla-Liberty counties west to Santa Rosa County], H. niti-

dum [western Florida; Baldwin County, Alabama; southern Georgia;

Lexington County, South Carolina; and Brunswick County, North Caro-

lina], and H. lissophloeus [Bay and Washington counties, Florida]) are

unusual in that they become small trees often three or four meters in

height. The single treelike stem of H. Chapmanii is often 10-15 cm.

in diameter, especially near the base, but much of the width is a long-

persistent, soft, spongy bark which often reaches a thickness of 3 or

4 cm.

In twenty-four of the thirty species of sect. Myeiandra the diploid

chromosome number is 18; the remaining six species have not yet been

studied cytologically. This chromosome number is also recorded for sev-

eral species of Hypericum in other sections in other regions of the world.

The flowers of several species of sect. Myriandra are known to be

pollinated by bumblebees, honey bees, and various kinds of smaller bees,

which obtain pollen from the large number of stamens.

Several species of sect. Myriandra are planted as ornamentals. Hy-
pericum Buckleyi M. A. Curtis is valued as a rock-garden or ground-

cover plant, while H. jrondosum Michx. is grown for its large, showy

flowers. Hypericum prolificum L. and H. Kalmianum are used as orna-

mentals, both for their showy flowers and their smooth, lustrous brown

bark, which adds interest to the winter aspect of the garden. Other species

of this section, including H. densiflorum, H. lobocarpum Gattinger, and

H. nudiflorum Michx., are sometimes planted but are not well recom-

mended.

Some hybridization appears to occur between species of sect. ^Myriandra.

Hypericum lobocarpum and H. prolificum are believed to hybridize oc-

casionally where the ranges of the two overlap in central Arkansas. A
highly variable population in a pasture at Highlands, North Carolina,

may have originated from hybridization between cultivated plants of

H. prolificum and H. jrondosum. Some spontaneous hybridization may
occur when two or more of these woody species are brought into the gar-

den. Two such putative hybrids, H. X Dawsonianum Rehder {H. lobo-

carpum X H. prolificum) and H. X arnoldianum Rehder {H. densi-

florum X H. lobocarpum) were discovered at the Arnold Arboretum of

Harvard University (see Adams, 1972).

Under family references see Alain. Baillox, Bartholomew. Bentham &
Hooker, Brandza, Choisy (1821), Coulter. Engler, Fawcett & Rendle,

Gillespie, Green, Hochreutiner, Keller in Engler (1925), Leblois, Lub-

bock, Martin, Reichardt, Rickett, Schofield, Tieghem (1885), Vestal,

and Weiss & O'Brien.
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Ireland. Watsonia 9: 333-344. 1973.

Wilbur, R. L. A reconsideration of Bartram's binomials. Jour. Elisha Mitch-
ell Sci. Soc. 87: 56-73. 1971. [H. aureum Bartram, 1791, not Loureiro,

1790, = H. jrondosum Michx.]

3. Triadenum Rafinesque, Fl. Tellur. 3: 78. 1837.

Perennial rhizomatous herbs. Leaves sessile or petiolate, oblong, oblong-

lanceolate or elliptic, without an articulation at base, lacking black secre-

tory glands, but dotted with clear glands which often turn dark upon
drying. Inflorescence dichasial. Flowers perfect. Sepals 5, nearly equal,

persistent, without an articulation at base. Petals 5, imbricate (or inter-

mediate between imbricate and valvate) in the bud, flesh-colored, pink-

ish, greenish [or white], never yellow, symmetrical, deciduous soon after

anthesis. Androecium of 3 fascicles of 3 stamens each, alternating with

3 hypogynous glandular staminodia, the stamens persistent. Gynoecium
3-carpellate; styles 3, separate to the base and divergent; stigmas capitate;

placentation axile; ovules numerous. Seeds cylindrical; seed coat finely

reticulate; raphe inconspicuous, not forming a keel or wing. Type spe-

cies: T. virginkum (L.) Raf.— Marsh St. John's-wort.
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A genus of four or more species in eastern North America, eastern

Asia {Triadcnum japouicum (Blume) ]\Iakino \Hypcricum cras^ifolium

(Blume) Xakai, not //. japouicum Thunb.J and perhaps one or two

others), and India (T. breviflorum (Wallich ex Dyer) Y. Kimura). It

is represented in our area by four taxa that are treated either as species

(Gleason) or as varieties of two species (Fernald): T. lirginicum (L.)

Raf. (Hypericum viri^inicum L.). 2n = 38: T. Frascri (Sjjach) Gleason

{H. Fraseri Spach, //. virginicum var. Frascri (Spach) Fernald): T. tu-

bulosum (Walter) Gleason (//. tubulosum Walter, T. lou'^ifolium Small):

and T. Walteri (J. F. Gmelin) Gleason {H. tubtdosum Walter var.

Walteri (J. F. Gmelin) Fott).

The species of Triadcnum have long been assigned by most botanists

to Hypericum sect. ElodI'.a (Juss.) Choisy. but several authors, includ-

ing Holm, Small, and Gleason, have regarded this taxon as a distinct

genus and have revived the long-unused Rafinesque name for it. As de-

limited by these workers, species of Triadcnum differ from Hypericum

in the petals, which are imbricate, rather than convolute, and pink to

greenish, instead of yellow, and in the nine stamens in three fascicles of

three each, with three alternating staminodia. Studies by Robson of the

... ^.'..cnm: a. upper part of plant with nearly

note stamens in three's with alternating stami-

ovary to show placentation. X 15; d. capsule

25. f. T. Walteri (T. tubuhsiim var. Walteri),
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vascularization of the flower strongly suggest that the group is indeed

sufficiently distinct from Hypericum to vsrarrant treatment as a separate

genus. Robson concluded that the species of Triadenum axe actually more

closely related to Cratoxylon than to Hypericum. The floral anatomy

of Triadenum closely resembles that of Cratoxylon, from which, in his

opinion, it is an herbaceous derivative.

An intensive taxonomic study of Triadenum would aid greatly in under-

standing the delimitation of the species and the variation patterns within

each species. Additional chromosome counts are needed. Studies of the

reproductive biology would also be of value.

Baillon, Choisy, Coulter, and Rickett.

Fernald, M. L. The varieties of Hypericum § Elodea. Rhodora 38: 433-436.
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Gleason, H. a. Triadenum. Phytologia 2: 288-291. 1947.
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Holm, T. Triadenum virginicum (L.) Raf.: a morphological and anatomical
study. Am. Jour. Sci. IV. 16: 369-376. fig. 108. 1903.

KiMURA, Y. Japanese marsh St. John's-wort. Jour. Jap. Bot. 11: 830-840.
1935. [T. japonicum.']

RoBSON, N. K. B. Studies in the genus Hypericum. Ph.D. thesis, Edinburgh
Univ. 1956. (Unpublished.) [Studies of floral vascularization of Tria-

denum and its implications for taxonomy.]

C. E. W. p. A.
Arnold Arboretum Department of Botany
Harvard University DePauw University
Cambridge, Massachusetts 02 138 Greencastle, Indiana 46135
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THE GENUS GYMNOCLADUS AND ITS TROPICAL AFFINITY

YiN-TsE Lee

The Caesalpinioideae is generally regarded as a predominantly trop-

ical subfamily of the Leguminosae. On the basis of a preliminary survey

of some 180 genera listed by Heywood (1971), I am able to show (un-

published data) that about 79 (44.38 per cent)^ are endemic to tropical

Africa as compared to 44 (24.72 per cent) in tropical America and 26

(14.62 per cent) in tropical Asia. The abundance of endemic genera in

tropical Africa indicates that this area may be the center of diversity for

the subfamily. This view is well supported by a series of studies carried

out by Leonard (1950, 1951, 1957), Hutchinson and Dalziel (1958), and
Brenan (1965, 1967). On the other hand, tropical America, especially

the Amazon Basin, has been suggested by Ducke and Black (1955; see

also Langenheim, Lee, & Martin, 1973) as a secondary center of diversity

for the subfamily Caesalpinioideae. The phytogeographical significance

of the Asiatic Caesalpinioideae, however, has long been overlooked. With
the 26 endemic genera occurring in tropical Asia, and the apparent

affinity of these Asiatic representatives to African ones (12 genera are

found exclusively in tropical Asia and Africa, the so-called Old World
Tropics, in contrast to only two genera of this subfamily represented in

both Asia and America), a comprehensive study of the Asiatic genera

is not only desirable, but also necessary for an understanding of the evo-

lutionary history of the subfamily.

Among the Asiatic genera, the Chinese taxa are of particular interest,

as there are about 17 genera and some 80 species of Caesalpinioideae,

representing a wide spectrum of diversity in their distributional pattern.

For example, the monotypic genera Lysidice and Zenia are known only

in tropical and subtropical China. Erythrophleum, Cynometra, Saraca,

Sindora, Intsia, Mezonetiron- Pterolobium, Peltophorum, and Parkinsonia

are represented in tropical China by one or two species with much re-

stricted distribution, whereas Cercis, Gleditsia, Gymnocladus, Caesalpinia,

and occasionally several annual Cassia species have a much wider dis-

tribution, extending into the warm temperate regions as well (Table 1).

Since very little has been written in western literature about the Chi-

nese tropical area and its phytogeographical significance, a brief review

of the Chinese tropics and a summary of some of the more recent consid-

erations of floristic affinities of the Chinese tropical areas to other parts

of the world are given here.

The tropical area of China is restricted to a narrow zone along the

southern border. It starts in southeastern Yunnan and extends eastward
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Table 1 . Chinese genera of the Caesalpinioideae.*

Chekiang, Fukien, Kwangtung,

Shensi, Kiangsu, Anhwei,

Chekiang, Hupeh, Hunan,

Kiangsi, Fukien, Taiwan,

Kwangtung, Kwangsi, Kweichow,

Widely distributed in N.E., E.,

Central, S., & S.W. China

Kiangsu, Anhwei, Chekiang,

Hupeh, Hunan, Kiangsi, Fukien,

Kwangtung, Kwangsi, Szechwan,

Yunnan, Kwangtung (Hainan)

Kwangtung (Hainan)

Kwangtung (Hainan)

Hupeh, Szechwan, Yunnan, Hu-
nan, Kwangtung, Kwangsi

N.E. China, Shantung, Hopeh,
Fukien, Kwangtung, Kwangsi,

Yunnan, Taiwan
Hunan, Kwangtung, Kwangsi,

Kweichow, Yunnan

Kwangtung (Hainan)

Taiwan
Kwangtung, Kwangsi, Kweichow,

Kansu, Chekiang. Hupeh, Hunan,
Kiangsi. Fukien, Kwangtung,
Kwangsi, Kweichow, Szechwan,

Anhwei, Hupeh, Szechwan,

Kweichow, Kwangtung, Kwangsi,

Yunnan, Kansu, Liaoning, Shensi

by tribes. Tri

in China are excluded.
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via Kwangsi to the coastal provinces of Kwangtung and Fukien, includ-

ing the offshore islands of Taiwan and Hainan, as well as the South Sea

Islands. The boundary and even the existence of the Chinese tropics

were subjects of controversial argument that stirred up considerable in-

terest in several Chinese journals in the 1950's and early 1960"s (see

Chin, 1956; Yen, 1961; Young, 1961: Lou, Feng, & Chiu, 1961).

In a brief review, Tsang (1964) pointed out that the confusion was due

mainly to the use of different terminologies. He further concluded that

although there is only a small equatorial tropical zone in China, a con-

siderable area which may be classified as tropical is present. According

to his scheme, the Chinese tropics are composed of two parts, the equa-

torial tropical zone and the tropical zone. The former may be sub-

divided into the equatorial zone and the equatorial monsoon zone, where-

as the latter may be subdivided into the tropical monsoon zone and a

transitional zone. On a regional basis, six districts are recognized: (1) the

tropical mountainous area of southern Yunnan, (2) the limestone moun-

tains of Kwangsi, (3) Hainan, (4) the highland along Kwangtung and

Fukien, (5) Taiwan, and (6) the South Sea Islands (Figure 1). In

spite of the regional differences, which are subject to various local fac-

tors, the floristic elements in these areas indicate a close relationship to

the India-Burma flora, with the exception of those in Taiwan and prob-

ably the South Sea Islands, which show an affinity to the flora of the

Philippines.

Evidence derived from floristic composition also supports the existence

of a tropical flora in China. [Members of the Anncnaceae, IVIoraceae,

Connaraceae, Flacourtiaceae, and Passifloraceae are very abundant in

southern Yunnan and in Hainan (see Wu, 1965; \Vu & Wang, 1957-1958;

Wu & Li, 1965; Fedorov, 1958). Woody epiphytes, characteristic of trop-

ical rain forests, are also abundant in the areas cited (Fedorov, 1959).

According to Fedorov (1959), the rarity of members of the Dipterocar-

paceae (represented by three species of Hopea and one species of Vatica)

is due to historico-floristic factors rather than to climatic influence.

In a systematic survey of the Chinese caesalpiniaceous plants, Gymno-

dadus is chosen here for a more detailed study because it is a small genus

composed of only four species and because it is the only genus of the

Caesalpinioideae confined to eastern North America and eastern Asia.

Although Gymnocladus is generally regarded as a genus of temperate

areas, the presence of G. burmankus and G. assamkus in the mountains

of the tropical zone may indicate a strong tropical affinity for the genus.

Gymnocladus has a rich fossil record, which, when combined with other

information (e.g., that concerning the Tertiary climate and the present

distribution of the genus), will facilitate interpretation of migration routes

of the genus in the past.

TAXONOMIC HISTORY

The genus Gymnocladus was established in 1785 by Lamarck, in ref-

erence to the "naked branches" of the trees in winter. Lamarck cited two
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species under the genus, G. canadensis from eastern Canada and G. arab-

icus from Egypt. The plant which Lamarck called G. canadensis was
known by some earlier botanists. It was mentioned by Linnaeus (1742,

1753) as Guilandina dioica. Duhamel (1755) described and illustrated

the plant under the generic name "Bonduc" in his Traiie des Arbres. Vahl

(1790) referred both Guilandina dioica and Gymnocladus canadensis to

his Hyperanthera dioica. It was not until 1869 that Koch transferred

Guilandina dioica to Gymnocladus and recognized it as an earlier name
for Gymnocladus canadensis. On the other hand, Gymnocladus arabicus,

the second species of the genus described by Lamarck, is now considered

to be synonymous with Moringa aptera of the Moringaceae. Baillon

(1875) described G. chinensis from "Shanghai," China. Gymnocladus
Williamsii, described from Peking, China (Hance, 1884), has been placed

in synonymy with Gleditsia sinensis Lam. Two other species, Gymno-
cladus burmanicus and G. assamicus, have been described from Burma
(Parkinson, 1928) and Assam, India (Kanjilal, 1934) respectively.

MORPHOLOGICAL CHARACTERS

Habit. Deciduous trees from 6 to 20 meters tall. Bark silver-gray, oc-

casionally tinged with red, deeply fissured or not; the pith of young
branches purplish.

Leaves. Leaves bipinnate, occasionally pinnate; stipules lanceolate or

slightly obovate; petioles abruptly and conspicuously enlarged at the

base, with 3-7 pairs of subopposite to opposite pinnae; leaflets in each

pinna varying in number according to species, ovate, oblong to oblan-

ceolate, entire, the apex acuminate to rounded, mucronate, the base cu-

neate to rounded, slightly oblique, the petiolules 2-4 mm. long, the mid-

rib prominent only on the abaxial surface, with 6-8 pairs of secondary

veins joined together in a series of arches (brochidodromous. Figure 3),

the stipels small, awl-shaped, and persistent or absent.

Inflorescence and flowers. Inflorescence racemose to occasionally

paniculate, erect to pendulous, usually appearing with the new leaves, the

branches and pedicels hoary-tomentose, usually longer in those with "per-

fect" flowers than in those with only staminate flowers. Staminate flow-

ers characterized by a rather narrow floral tube, with 10 fertile stamens,

rudimentary pistil usually present. In the morphologically bisexual flow-

ers, the pistil is well-developed, whereas the majority of stamens are

characterized by having poorly developed anthers with pollen absent or

apparently abortive. Thus, most of the apparently bisexual flowers are, in

fact, functionally unisexual. This phenomenon has been described as

dioecism by abortion (see Sargent, 1892). Calyx tubular, with 10 longi-

tudinal veins, the lobes 5-4, greenish, lanceolate, valvate, and not fully

enclosing the petals within; petals 5-4, greenish to creamy white, oc-

casionally purplish on the adaxial surface, imbricate in bud; stamens in
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2 whorls, 5 long alternating with 5 short, inserted on the margin of the

floral tube, the anthers uniform, orange or yellowish, all fertile or abor-

tive, the filaments pilose near the base; pistil sessile to subsessile, cov-

ered with thin pilosity throughout, rudimentary or lacking in staminate

flowers, the style short, erect, obliquely dilated or slightly capitate, ovules

4 to many. Pollen grains tricolporate, ellipsoid-oblong, the exine per-

forate-tectate, reticulate (Figure 2).

Fruit. Oblong to falcate, turgid to compressed, woody to subwoody,

smooth or ridged and grooved, dark brown, usually covered with a glau-

cous bloom, with endocarp pulpy (greenish and slimy when fresh), dehis-

cent along the placental suture when mature.

Seeds. One to several, ovoid to subglobose, surrounded by the endo-

carpic pulp; funicle stout, ca. 5 mm. long; testa bony, dark brown; em-

bryo straight, surrounded by a copious, cartilaginous endosperm, the

cotyledons ovate, thick, and fleshy, the radicle short, erect.

GENERIC RELATIONSHIPS

The genus Gymnodadus was originally assigned to tribe Cassieae by
De Candolle (1825a, b) under his suborder Caesalpinioideae of the fam-

ily Leguminosae. It was later transferred to tribe Caesalpinieae (as Eu-
caesalpinieae) by Bentham (1840). Bentham's tribal classifications of

the Caesalpinioideae have been accepted by many later workers. Hutchin-

son (1964), however, was dismayed by the seemingly minor and oc-

casionally overlapping characters employed by Bentham in delimiting

the tribes, and he reclassified the subfamily, relying heavily on the foliar

characters. As a result, Hutchinson assigned most of the genera in the

Caesalpinieae and Dimorphandreae (both sensu Bentham) to Group V
of the Caesalpinioideae.^

In a recent summary Hejrwood (1971) listed 27 genera under tribe

Caesalpinieae. My discussion here, however, will be limited to the rela-

tionship between Gymnodadus and Gleditsia for the following reasons.

First, as indicated by Bentham (1866), both genera have polygamous
flowers, with the calyx lobes not completely covering all the petals in the

bud and some of the petals therefore almost having the appearance of

sepals. This represents a very unusual (if not unique) condition in the

Leguminosae. Secondly, Gymnodadus is usually placed close to Gleditsia

in various taxonomic works (see De Candolle, 1825a, b; Bentham & Hook-
er, 1865; Taubert, 1891; Burkart, 1952), suggesting their close rela-

tionship.

^Hutchinson recognized five groups in the Caesalpinioideae, which together with
his Brachystegioideae comprise the Caesalpiniaceae.
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Gymnocladus and Gleditsia share many characters in common. Some
of the striking similarities are the nature of the calyx, as mentioned by
Bentham (1866), and the presence of the so-called polygamous flowers.

Polygamy, when used without any clarification, is a rather confusing term.

It has been defined as the condition of having staminate, carpellate, and

hermaphrodite flowers on the same individual (Henderson & Henderson,

1963). The relative proportion of the three kinds of flower, however,

may vary even among individuals within the same population. In the

flowers of Gymnocladus and Gleditsia, usually only one type of reproduc-

tive organ is functional, although a rudimentary or abortive organ of

the opposite sex may be present. This phenomenon may be interpreted

as incomplete dioecism.

The morphological differences between the staminate and carpellate

('•perfect") filowers and inflorescences in the various species of Gymno-
cladus are rather slight compared with the differences in the species of

Gleditsia
; the tendency toward dioecism is much greater in Gleditsia than

in Gymnocladus. In Gleditsia, the staminate flowers are significantly dif-

ferent from the morphologically bisexual (but functionally carpellate)

flowers. Although true polygamy has been reported for G. triacanthos

in the literature (O'Rourke, 1949; Grisiuk, 1952), individual trees are

characterized, for the most part, by their having only one kind of flower.

Gleditsia should therefore be considered as a predominantly dioecious

genus (Lee, unpublished manuscript). Further supporting evidence may
be derived from the differentiation of two kinds of inflorescence which

accompany the evolution of unisexual flowers in most species of the genus.

The staminate inflorescence is spikelike, characterized by many small and

highly congested flowers, whereas the carpellate ("perfect") inflorescence

is a lax raceme with larger and many fewer flowers.

The seeds of Gymnocladus and Gleditsia are smooth, with hard testa

and large amounts of cartilaginous endosperm surrounding the embryo.

The endosperm consists of thick-walled cells, which upon the addition of

water are converted into "mucilage" (see Pammel, 1899; Sayed & Beal,

1958). The presence of such endosperm suggests the close relationship

of the two genera, although similar endosperm has also been found in

some species of Cercis, Hofftnannseggia (Pammel, 1899), Bauhinia, and

Erythrophleum (see Corner, 1951). The presence of copious endosperm

is generally regarded to be a primitive character. This coincides with

the seemingly undifferentiated flowers of Gymnocladus and Gleditsia,

but it is in contrast to the occurrence of dioecism.

Gymnocladus and Gleditsia are known to lack nodule formation in

their roots (see Aflen & Allen, 1936), a character considered by Burkart

(1952) to be "primitive." In a review of nodulation among leguminous

plants, Allen and Allen (1961) indicated that only about 24 per cent of

the 115 species (which represent 40 genera) form nodules. This per-

centage is significantly low when compared with percentages in the Mimo-

soideae and Faboideae (87 per cent in 146 species of 21 genera and 94

per cent in 1024 species of 182 genera respectively). In a recent study
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of nodulation among Rhodesian leguminous plants, Corby (1974) re-

vealed a similar low percentage of nodulation among members of the

Caesalpinioideae. Thus, the lack of nodule formation should be regarded

as significant at the subfamily level only. It may be the result of the

tropical environment and the arboreal nature usually associated with the

subfamily.

The two genera are also known for their richness in saponins. In fact,

fruits of Gymnocladus chinensis and several species of Gleditsia are com-

monly used in China as soap substitutes. In this study an attempt has

been made to use this character of the chemical

in classification. On the basis of a preliminary

saponins in the two genera, the aglycones (which together with various

sugars are the products of hydrolysis of saponins) are found to be tri-

terpenoid in nature (Parkhurst & Lee, unpublished data). Of the three

species of Gleditsia {G. triacanthos, G. sinensis, and G. officinalis) and

the three species of Gymnocladus (G. dioicus, G. chinensis, and G. as-

samicus) studied, a distinct set of aglycones was observed for each genus,

although the quantity of each component varied in different species.

Among the three Gleditsia species there are eight major components, with

oleanolic acid as the predominant compound, whereas among the Gymno-
cladus species four major compounds are present. The triterpenoid

aglycones found in Gleditsia are either lacking or significantly small in

quantity in Gymnocladus, and vice versa. In other words, chemical char-

acters (saponin chemistry) may be used to separate the two genera, but

they have little value in delimiting various species of the same genus.

This finding nevertheless indicates the homogeneity within each of the

genera. The presence of structurally similar triterpenoid saponins in the

two genera furthermore suggests a close affinity.

On the basis of the morphological characters (particularly the less dif-

ferentiated flowers) and the nature of dehiscence of the fruit, it seems

reasonable to conclude that in the tribe Caesalpinieae, Gymnocladus
represents a more "primitive" genus than Gleditsia. This contrasts with

the phylogenetic arrangement generally inferred (see Taubert, 1891;

Burkart, 1952). However, this arrangement does not indicate that

Gleditsia is derived from Gymnocladus

.

Gymnocladus can be easily separated from Gleditsia by the nature of

the fruit, which is dehiscent along the placental suture; by the erect,

racemose inflorescence and the larger flowers; by the absence of spines on

the trunk and branches; by the presence of small, awl-shaped, persistent

stipels (Asiatic species only) ; and by the presence of triterpenoid agly-

cones with higher molecular weight. Other similarities and differences are

listed in Table 2.
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eastern United States respectively. For this reason Gymnodadus has long

been regarded as a genus of temperate regions. The two more recently

described species, G. burmanicus and G. assamicus, have been overlooked

in the literature. It is of particular interest that both of these s]:)ecies

have a very restricted distribution, being found exclusively in the moun-
tainous areas of the tropical zone of Asia. The species thus serve as

Table 2. ti of Gymnodadus and Gledil

Gymnodadus Gleditsia

Habit Trees Trees to shrubs

Spixes Absent Simple or compound

Leaves

Epidermis

Bipinnate, rarely

pinnate

Margins sinuous

Brochidodromous

Pinnate to bipinnate

Margins straight

Craspedodromous to

brochidodromous

Flowers

Floral tube

Pollen

Predominantly

Tubular, elongated,

hoary-pubescent

Tricolporate, exine

reticulate

Predominantly dioedous

Short, turbinate,

glabrate or pubescent

Tricolporate, exine

reticulate

Fruit

Pulp
Triterpenoid

Oblong to falcate,

dehiscent along

Present

Present

Tent°toSly dehiscent

Present or not

Present

Seeds

Endosperm

Germination

""x lcm.),'subglobose

Copious and

cartilaginous

Hypogeal. juvenile

Small (ca. 1-1.5X0.5-0.8

X 0.3-0.5 cm.), sub-

quadrate to obovoid

Copious and cartilaginous

Epigeal, juvenile

Chromosome number

Number of species

Extant geographical

2n = 28

E. North America.

E. & S.E. Asia. Burma
and N.E. India

E. North America, Central

South America, E. Asia

RECORDS E. & W. North America,

E. Asia, and Europe

E. & W. North America,

E. Asia, and Europe
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good indications of a tropical origin of the genus. A possible tropical

origin of Gymnocladus is also supported by the overall tropical affinity

of members of the subfamily Caesalpinioideae. Further evidence support-

ing such an origin of Gymnocladus may be derived from the floral

structure of the genus. The predominantly dioecious flowers ^ of Gymno-
cladus, as exemplified by those of G. dioicus, are relatively large (flow-

ering buds immediately before anthesis measured up to 1.8 cm. in length

from the apices of the calyx lobes to the base of the floral tube, and 0.4-

0.6 cm. in diameter at the widest part); are borne on a rather long and

showy raceme or panicle; have a strong scent; bear abundant nectar

within the floral tube; are frequently visited by small insects; and are

characterized by the presence of an abortive/rudimentary organ of the

opposite sex in both the staminate and carpellate flowers. All of these

characteristics agree with the "syndromes" of the dioecious tree taxa in

the tropics described by Bawa and Opler (1975) and contrast sharply

with the usually very small, highly reduced, and predominantly wind-pol-

linated dioecious plants typical of temperate regions (e.g., the Amenti-

Furthermore, contemporary thinking in paleobotany indicates that

plants regarded as "temperate" had broader and less definite ecological

requirements, with their total geographical ranges larger than generally

recognized, and they may have been associated with rather different eco-

types during various segments of their geographical history (Graham,

1972). This viewpoint again supports a possible tropical origin of the

genus Gymnocladus. A similar situation may exist in a number of "tem-

perate" genera, such as Fagus, Liriodendron, Tilia, Nyssa, and Myrica,

which are also found in tropical or subtropical communities today.

The bicentric distribution of Gymnocladus, on the other hand, is part

of the more elaborate distributional pattern known as the Tertiary relict

disjunction, since fossil remains attributed to this genus have also been

found in Europe and western North America. The long known eastern

Asiatic-eastern North American floristic relationships have been discussed

extensively in the past (see Gray, 1840, 1846; Fernald, 1929; Li, 1952;

Graham, 1972; Wood, 1972) and will not be considered further here.

However, with the discovery of two highly restricted species of Gymno-
cladus, G. bunnanicus and G. assamicus, the "boundary" of eastern

Asia becomes extended westward to include Assam and southern Yun-
nan, and southward to include Lower Burma. The presence of these

two species of Gymnocladus in the mountainous regions of the tropical

zone is of great phytogeographical significance, as they may be the rem-

nant species of a once more widespread tropical stock.

In discussing ecological evolution of flowering plants and the origin

of the temperate flora, Takhtajan (1969) suggested that angiosperms

salpinia (Gillis & Proctor, 1974). All thrt
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originated in monsoon countries with warm subtropical climates, i.e., in

southern Yunnan and the adjacent areas of Tonkin and Assam. Although
more information is needed to substantiate Takhtajan's hypothesis, recent

works on the affinities of the Chinese tropical zone (Wu. 1965) and ex-

tensive floristic studies in southern Yunnan (Wu & Wang. 1957-1958;

Wu & Li. 1965) indicate a high concentration of ancient tropical floristic

elements in these areas.

On the basis of an extensive study of the tropical and subtropical flora

of southern and southeastern Yunnan, Wu and Wang (1957-1958) pro-

posed three possible migrational routes of the ancient (Tertiary) tropical

flora of the southeastern Yunnan-Tonkin region. These are route 1 : via

Vietnam, Borneo, and the Philippines to Taiwan; route 2: via Kwangsi
and Kwangtung to Hainan; and route 3: via Kweichow, Hopeh, and
Szechwan to Kiangsu and Chekiang, and extending westward to the

border of the Szechwan-Shikong highlands, with the northwestern boun-

dary in Tsin-ling and Huai-ho. These routes, particularly "route 3," may
be responsible for the "tropical floristic elements" presently found in the

temperate regions of China.

Morphologically, particularly in foliar characteristics, the Asiatic spe-

cies of Gymnocladus form a coherent group, which differs from its coun-

terpart in eastern North America. Thus it is reasonable to assume that

the separation of the two groups took place quite early. In addition, the

presence of two upland species in eastern Asia may be explained by the

gradual, rather recent orogenesis and the relatively stable climate in the

southwestern border area of China. These conditions seem to provide

a more favorable environment for conserving a greater number of species

than those in eastern North America.

With the exception of its being dioecious, the genus Gymnocladus pos-

sesses several presumably primitive characteristics: its flowers are rela-

tively undifferentiated, with five or four subequal calyx lobes and the same
number of petals; its fruits dehisce along the adaxial (placental) suture,

resembling a follicle; its seeds have copious endosperm; and its leaves

have a subopposite to opposite arrangement of leaflets. All of these char-

acteristics suggest that the genus represents a relatively primitive group

within the Caesalpinioideae. Hence the association of dioecism with such

a group may serve as indirect evidence for the early occurrence of this

derived character.

TAXONOMIC TREATMENT

(in part). 1753.
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the two stipels small, awl-shaped and persistent, or absent. Inflorescence

racemose to paniculate, terminal or axillary. Flowers regular, predom-

inantly dioecious to polygamous, pedicellate, the bracts and bracteoles

minute, pointed, deciduous or not; calyx tubular, ridged, 5-lobed; petals

5 or 4, creamy white or purplish; stamens 10, inserted on the calyx tube,

with fertile anthers or not; ovary sessile, 4- to many-ovuled, rudimentary

or absent in the staminate flowers. Fruit oblong to falcate, turgid to

compressed, woody, pulpy inside, 1- to several-seeded, dehiscent along

the placental suture. Seeds ovoid to subglobose, with stout funicles and

thick, bony, dark brown testa; endosperm present.

Type species: Gymnocladus canadensis Lam. = G. dioicus (L.) K.

The original descripti(

canadensis and G. arabica,

densis {G. dioicus) as the type of the genus.

Key to the Species of Gymnocladus

Mature leaflets ovate, acuminate; widest part of leaflets exceeding 2 cm.;

stipels absent (North American species) G. dioicus.

Mature leaflets oblong to oblanceolate, rarely lanceolate, obtuse to slightly

retuse, occasionally acute; widest part of leaflets never exceeding 2 cm.;

stipels small, awl-shaped, and persistent (Asiatic species).

2. Leaflets oblanceolate to lanceolate, acute to pointed; pinnae usually in

2. Leaflets oblong, obtuse to slightly retuse; pinnae in 3-7 pairs.

3. Fruit falcate, the pericarp with apparent ridges and grooves showing

3. Fruit oblong to subfalcate, the pericarp more or less smooth.

Gymnocladus dioicus (L.) K. Koch, Dendrology 1: 5. 1869.

Figure 2.

Guilandiiia dioica L. Sp. PL 381. 1753.

Gymnocladus canadensis Lam. Encycl. Meth. Bot. 1: 733. 1785; Tableau En-
cycl. Meth. II. 5(1): pi. 823. 1793; Ibid. III. 412. 1796.

Hyperanthera dioicus (L.) Vahl, Symb. Bot. 1: 31. 1790.

Trees 10-30 m. tall, the bark deeply fissured, dark gray throughout

or tinged with red, 2 to 3 cm. thick. The rachis of the leaves 60-90 cm.

long, glabrate or tomentose, with 5 to 7 pairs of pinnae 15-25 cm. long;

pinnae 4-7-jugate, the lower pairs with single leaflets; leaflets ovate,

5-6.5 X 2.5 cm., or those replacing the lowest or occasionally the 2 low-

er pairs of pinnae sometimes twice as large, glabrate on both surfaces,

with the exception of a few scattered hairs along the midrib, the apex

short-acuminate, the base cuneate or rounded, slightly oblique, stipels

absent. Inflorescence of the staminate flower 7.5-10 cm. long; inflores-



Figure 2. Distribution of the genus Gymnocladiis. Inserts showing \
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cence of the carpellate ('perfect") flower 25-30 cm. long, the branches

hoary-tomentose. Flowers on stout pedicels 1.5-2 cm. long or longer in

the staminate flowers, with strong fragrance; calyx tube 6-12 mm. long,

the lobes 5-4, lanceolate, 4-6 mm. long; petals 5-4, 5-7 mm. long, 1.5-

2.5 mm. wide, slightly keeled, pilose on the back, tomentose on the inner

surface, greenish white; stamens ca. 5 mm. long, the anthers orange to

yellowish, fertile or abortive; ovary with scattered whitish pilosity,

elongate, with 2-8 ovules, rudimentary or absent in the staminate flowers,

the stigma slightly bilobed, acuminate at the apex. Fruit oblong to

slightly falcate, 15-25 cm. long, 3.5-5 cm. wide, and 1-2 cm. thick, dark

brown, covered with a glaucous bloom, on a stout stalk 2.5-5 cm. long,

pulpy inside (the pulp greenish when fresh, turning yellow to brownish

in age). Seeds 1-6, ca. 1.5-2 cm. long, 1.5-2 cm. wide, and 0.6-0.8 cm.

thick. Chromosome number 2n = 28.

Type. In the protologue of Guilandina dioica (Linnaeus, 1753), the

only reference to earlier literature is that to the second edition of the

Genera Plantarum (Linnaeus, 1742). In this earlier reference Linnaeus

mentioned that he had seen male plants of this species growing in Paris

and that fruits were common in museums. There is no material refer-

able to Guilandina dioica in Linnaeus's herbarium, but it is possible that

fruiting material which he saw is still extant. Hence Gymnocladus

dioicus may be typified, at least for the time being, by Linnaeus's de-

scription in the second edition of Genera Plantarum (1742, p. 518).

The name Gymnocladus canadensis, on the other hand, is superfluous,

since Lamarck referred to Guilandina dioica L.

Habitat and distribution. This bottomland species is found from

central New York and Pennsylvania west through southern Ontario and

southern Michigan to the valley of the Minnesota River, eastern Ne-

braska, Kansas, and western Oklahoma, and south between the Missis-

sippi River and the Allegheny Mountains to Tennessee (Pinchot, 1907).

Vernacular names. Kentucky coffee-tree (U.S.) and chicot (Canada).

Representative specimens. U.S.A. Alabama: northeast of Sheffield. Colbert

Co., Oct. 7, 1934. Harper 3273 (gh). Arkansas: Cotter, Marion Co.. Sept. 1,

1915, Palmer 8406 (a); Shirley. Van Buren Co., May 28, 1924, Palmer 25204

(a). Illinois: near Shawneetown, Gallatin Co., June 6, 1919, Palmer 15522

(a); Alto Pass, Union Co., May 3, 1919, Palmer 15037 (a). Iowa: near Bur-

lington, Des Moines Co., Sept. 5, 1921, Palmer 20331 (a); Sidney, July 12,

1925, Pammel 414 (gh). Kansas: near Neodesha, Wilson Co., May 5, 1922,

Palmer 21140 (a); Riley Co., Oct. 2, 1895, Norton 124a (gh). Kentucky:
Mt. Sterling, Montgomery Co., May 24, 1926, Horsey 2313 (a); Richmond,
Madison Co., May 15, 1920, Horsey 1064 (a). Maryland: Baltimore Co.,

Sept. 1980, Taylor s.n. (gh). Michigan: Hubbordston, Ionia Co., Sept. 6.

1890, Wheeler s.n. (a). Missouri: near Forest City, Holt Co., June 12, 1924,

Palmer 25401 (a); Red Oak, Lawrence Co., May 1, 1925, Palmer 26977 (a).

New York: Syracuse, Oct. 6, 1935, Brown 8009A (a); Tompkins Co.. July

19, 1915, MacDaniels 4395 (gh). North Carolina: Mecklenburg Co.. May
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13, 1968, Matthews et al. s.n. (gh). Ohio: near Cincinnati. May 27. 1890,

Lloyd s.n. (gh)
;
Buena Vista, Sept. 14, 1936, M. C. Smith 8242 (a). Okla-

homa: Canton, Aug. 16, 1915, Andrews 56 (a); near Tonkawa, Kay Co.. Aug.

4, 1913, Stevens 1829 (a). Tennessee: near Nashville, May. 1880, Gattinger

s.n. (a); near Pegram, Cheatham Co., April 24, 1929, Palmer 35508 (a).

Virginia: northwest of Return. Oct. 15. 1941. Fernald & Lo?tg J395 6 Tgh).

West Virginia: Dickson, Wayne Co.. July 20. 1936, Gilbert 494 (gh). Wis-

consin: west of Milwaukee. Oct. 3. 1918. Slavin 476 (a); south of Oshkosh.

Winnebago Co.. July 19, 1934, Fassett & Truman 16869 (gh). Canada. On-
tario: Norfolk Co., June 25. 1941, Soper 2636 (gh) : Lambton Co., Aug. 11.

1941, Soper 2831 (gh); Pelee Island, July 28, 1892, Macoun s.n. (gh).

Although distributed over a wide area, Gymnocladus dioicus is one of

the rarest of the forest trees of eastern North America (Sargent, 1892).

It occurs usually as a single tree or in small clusters in localities most fa-

vorable to its growth. Over large areas within its range it is entirely lack-

ing or represented only by an occasional individual (Pinchot, 1907). The
range of this species is suspected by some to be associated with Indian

camp sites or with the lands of the early settlers (Robert Bye, pers. comm.)

.

Pinchot, however, indicates that the economic planting range of this

species coincides with the natural range and may in places be extended

beyond it.

The tree is often cultivated for ornamental purposes. The fruits, pre-

served like those of the tamarind, are said to be wholesome and slightly

aperient (Hedrick, 1919). It should be cautioned that although the pod

and particularly the pulpy tissue, which are rich in saponins, may be

harmless when taken internally, painful death would result if an aqueous

extraction of the fruit were injected intravenously, since the saponin

in the solution lysolizes the red blood cells even in an extremely low

concentration. Roasted seeds of Gymnocladus dioicus were employed by

the early settlers of Kentucky as a substitute for coffee (Browne. 1846).

Gymnocladus chinensis Baillon, Compt. Rend. Assoc. Franq. Avanc.

Sci. 3: 418-427. t. 4. 1875. Figure 2.

Trees 5-12 m. tall, the bark gray, usually smooth. The rachis of the

leaves 25-30 cm. long, shortly and sparsely pubescent to glabrate, with

3-5 pairs of pinnae 14-28 cm. long; pinnae 10- to 12-jugate; leaflets

oblong to elongate-oblong, 1.5-4 X 1-1-5 cm., densely whitish-tomentose

on both sides when young, becoming glabrate with age. the apex rounded

or slightly retuse, the stipels 1, ca. 1 mm. long, awl-shaped, and per-

sistent. Inflorescence 4-10 cm. long, hoary-tomentose. Flowers with

pedicel 1-2 cm. long, erect or pendulous; calyx tube 5-6 mm. long, the

lobes lanceolate, ca. 4 mm. long, 2 mm. wide; petals oblong, ca. 5 mm.
long, 2 mm. wide, lilac-purple; stamens ca. 4 mm. long, pilose near the

base; ovary elongate, glabrate, usually 4-ovulate, rudimentary or absent

in the staminate flowers, the style short, the stigma recurved-capitate.

Fruit oblong, 7-12 cm. long, 3-4 cm. wide, and ca. 1.5 cm. thick, shortly
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thick.

Type. Since no specimen of Gymnocladus ch'mensis is known in ex-

istence in the Baillon Herbarium, Laboratoire de Phanerogamie,, Paris,

the figure that appeared in the original article (Compt. Rend. Assoc.

Frang. Avanc. Sci. 3: 418-427. t. 4. 1875) is designated here as the type
of the species.
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Habitat and distribution. Gymnocladus chinensis is the most wide-

ly distributed species of the genus. It has been reported in central and
southeastern China, in the provinces of Anhwei, Chekiang, Fukien, Hunan,
Hupeh, Kiangsi, Kwangtung, and Szechwan.

Vernacular names. Fe-tsaou-tow and yu-tsao-chio (China).

Representative specimens. China. Anhwei: Chiu Hwa Shan, Aug. 21,

1934, Fan & Li 284 (a, e) ; Huang Shan, Jan. 11, 1964, H. Chiu 163 (pe).

Chekiang: Howchow, Oct. 12, 1928, Chiao 18894 (a, us); region 20 to 40
miles west of Wenchow, June 6-8, 1924, Ching 1891 (a); between Ping Yung
and Tai Suan, July 20, 1924, Ching 2174 (a). Fukien: Yenping, June 20,

1925, Ching 3480 (a). Hunan: Yi Chang Hsien, May 1-13, 1934, Tsang
23793 (us). Hupeh: Oct. 1887, Henry 2873 (a, k), Henry 5576a (a); Nan-T'o
and mountains to northward, ne7iry 3873 (a, k); western Hupeh, Patung, May
1907, Wilson 760 (a); Hsing-Shan H-sien, May 6, 1907, Wilson 760 (a), Dec.

1907, Wilson 760 (a), and other specimens labeled Wilson 760 with various lo-

calities and dates in a, e, k, ny, and us. Kiangsi: Kiukiang, Aug. 1909, Wilson

1598 (a, e). Kwangtung: Tsung-fa Hsien, Sam Kok Shan, May 1-25, 1935,

Tsang 25144. Szechwan: l^%S-\?>?,&, Henry 5576 (e, us); Omei Hsien, Mt.
Omei, 1891, Feber s.n. (le)

; Aug. 25, 1928, Fang 3342 (a, p, pe).

The fruit of Gymnocladus chinensis is highly esteemed for its sapona-

ceous qualities and is much desired as a soap substitute in China. It is

also used as an herb medicine in curing swellings and abscesses. Oil from

seeds is used as latex in making paints.

Gymnocladus chinensis and the rest of the Asiatic species form a co-

herent group within the genus, and they may be easily separated from

the American species, G. dioicus, by their much narrower leaflets, which

rarely e.xceed 2 cm., and by the presence of small awl-shaped and per-

Trees S-17 m. tall, the bark yellowish to reddish brown, reticulate.

The rachis of the leaves 30-40 cm. long, glabrate to obscurely glandular,

with 6-7 pairs of pinnae 11-22.5 cm. long; pinnae 12-14-jugate; leaflets

oblong to obovate-oblong, 2-3 X 0.6-1.5 cm., glabrate above, minutely

pubescent beneath on the midrib, the apex rounded to obtusely mucro-

nate, the base rounded to cuneate, slightly oblique, the stipel 1, ca. 1 mm.
long, awl-shaped, and persistent. Inflorescence racemose, 11-17 cm. long,

densely gray, densely pubescent, the bracts and bracteoles minute or

absent. Flowers pedicellate, the pedicels ca. 4 mm. long; calyx tube 6-9

mm. long, villous outside, 5-lobed, the lobes 4-6 mm. long, lanceolate to

subulate; petals 5, oblong-obovate, 7-9 mm. long, purplish gray; stamens

with densely pilose filaments ca. 3 mm. long, the anthers oblong-ovoid;

pistil not seen. Fruit oblong, subfalcate, compressed, 14-18 cm. long, 3-

4 cm. wide, and 1.5 cm. thick, shortly beaked, with a stalk ca. 8 mm.
long, reddish brown, pulp present, the pericarp rather thick, woody,
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transversely ridged and grooved (showing the seeds within). Seeds 6-8,

obovoid to subglobose, bluntly trigonous, 1.5-2.0 cm. long, 1.2-1.6 cm.

wide, with funicles ca. 8 mm. long.

Type. India, Assam. Khasi Hills, Laitkseh, 1800 m., Shillong Herb,

no. 7624 (Isotype, sh).

Habitat and distribution. This species has hitherto been known

only from the type locality in Assam, India. Recent study of Chinese

caesalpiniaceous plants, however, shows that a specimen collected in

southeastern Yunnan also belongs to this species, suggesting a wider

distribution than previously indicated.

Additional specimens. India. Assam: Khasi Hill, Shillong Herb. nos.

10157 and 10548 (not seen by the writer). China. SE Yunnan: Mar-li-po,

Village of Chung-dzai, in an open "thicket" at the elevation of 1800-1900 m..

Nov. 4, 1947, Feng 12863 (a).

Gymnocladus assamicus is closely related to other Asiatic species of

the genus. It is characterized by its more or less falcate fruit, which is

transversely ridged and grooved on the surface.

The Khasis use the fleshy pods as a soap substitute for washing their

; C. E. Parkinson, Bull. Misc.

Trees ca. 17 m. tall, the bark brown with transverse lines. The rachis

of the leaves ca. 20 cm. long, shortly and sparsely pubescent to glabrate,

usually with 3 pairs of pinnae 8-15 cm. long; pinnae 7-10-jugate; leaf-

lets 4-6 cm. long, 0.5-1.5 cm. wide, the lower ones ovate-lanceolate and

oblique, the upper ones lanceolate or nearly so, their bases narrowed,

the apex of all leaflets acute to acuminate, with scattered, short, appressed

trichomes when young, becoming glabrate in age, the petiolules ca. 2 mm.
long, the stipel 1, 1-2 mm. long, awl-shaped, and persistent. Inflorescence

ca. 10 cm. long, all the branches shortly and sparsely pubescent. Flowers

with pedicel 1-1.3 cm. long; calyx tube ca. 7 mm. long, 5-lobed, the

lobes ca. 5 mm. long; petals 5, oblong, pale-pubescent, 8 mm. long, red-

dish purple; stamens with filaments ca. 7 mm. long, the anthers ovoid;

ovary glabrous, few-ovuled, the style short, the stigma slightly oblique.

Fruit oblong, subcylindrical, slightly compressed, ca. 8 cm. long, 3 cm.

wide, reddish brown, shiny, pulp present. Seeds 2 to 3, oblong-obovoid.

Type. Lower Burma, Ta-ok Plateau, Dawna Hill of Tenasserim, at

about 1000 m.. Parkinson 5229 (k).

Habitat and distribution. This species is known solely from the

type collection. According to A. Das (see Kanjilal, 1934), the range of

this species extends to adjacent India (Assam); however, no specimen

has been recorded from that area.



Figure 4. Types of Gymnodadu:
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Vernacular name. Mya-pe-ler (Karen, Lower Burma).

Gymnocladus burmanicus may be separated from other Asiatic species

by the narrower, ovate-lanceolate leaflets; the usually larger and reddish

purple flowers; and the reddish brown, subcylindrical fruits.
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A REINTERPRETATION OF LEUCAENA AND LYSILOMA

E. A. Shaw and B. G. Schubert

iHERE HAVE BEEN in recent years several papers dealing with the

correct names for two species of mimosoid legumes native to the West
Indies. The lead tree, or jumbie bean, usually known as Leucaena
glauca Bentham or "(Willd.) Bentham," is commonly cultivated and
widely naturalized both in the Americas and in the Old World. This

species is the type of the genus Leucaena. The wild tamarind is native

to the Bahamas, Cuba, Hispaniola, and southern Florida. This species, the

type of the genus Lysiloma, is generally called either Lysiloma latisiliquum

(L.) Bentham or L. bahamense Bentham.

There is general agreement that Leucaena glauca cannot be used as

the name of the lead tree. The whole affair was carefully discussed by
De Wit (1961), who pointed out that Bentham 's name is based upon
'\icacia glauca Willd."; nomenclaturally this name represents a transfer

to Acacia of Mimosa glauca L., described in the first edition of Species

Plantarum. However, Willdenow's description and the specimens in the

Willdenow herbarium (IDC 7440. 1389: II. 5, 6, 7, 8, 9) which he an-

notated as A. glauca refer to a species quite different from Mimosa
glauca o{\l Si.

The identity of Mimosa glauca of 1753 is clear. The name, lectotypi-

fied by De Wit (1961) through the choice of a specimen from Adrian van

Royen's herbarium at Leiden, is that of an Acacia, usually called A.

villosa (Sw.) Willd., but correctly named A. glauca (L.) :Moench. How-
ever, Linnaeus saw more mimosoid legumes during the next few years, his

concept of the species changed, and "Mimosa glauca'' of the second edi-

tion of Species Plantarum is not the species of the first edition. In fact,

as discussed by De Wit, this second M. glauca is the lead tree, as is

Acacia glauca Willd. One could treat Willdenow's Acacia glauca as a

new name, but De Wit pointed out that an earlier name for the lead tree

already existed. During the eighteenth century this species was cul-

tivated in European botanic gardens, and in 1783 it was described by

Lamarck as Mimosa leucocephala from a plant in the Jardin du Roi in

Paris. The description and the specimens in Lamarck's herbarium (IDC
6207. 204: II. 6, 7) leave no doubt that this is the lead tree; De Wit

therefore made the combination Leucaena leucocephala (Lam.) De Wit.

However, Gillis and Stearn (1974) have re-examined the matter, and

they contend that there is in the first edition of Species Plantarum a

name for the lead tree, i.e. Mimosa latisiliqua, serving as basionym for

Leucaena latisiliqua (L.) Gillis. This is a drastic change, for this Lin-

naean name has for a century been applied not to the lead tree but, as

Lysiloma latisiliquum (L.) Bentham, to the wild tamarind. For the
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latter species Gillis and Steam use the name Lysiloma bahan

21. MIMOSA inermis, foliis bipinnatis; partial

propriis decemjugis.

Acacia non spinosa, siliquis latis compressis, flore albo.

Plum. spec. 17.

Habitat in America calidiore.

Bracteae dimidiato-cordatae. Pedunculi terni] Floras capitati.

In the Linnaean herbarium (linn) there are three sheets annotated as

M. latisiliqua and numbered by the late Spencer Savage as 1228.19,

1228.20, and 1228.21 (IDC 177. 716: I. 4, 5, 6, 7). The two latter need

not be considered, for each bears the notation by the younger Linnaeus

that it was received in 1777. The first sheet, 1228.19, indeed bears a

specimen of the lead tree and was annotated by Linnaeus as "21. latisiliqua

H. [ortus] U. [psaliensis]" and later by J. E. Smith as "glauca." Gillis

and Stearn argue at length that there can be no doubt that Linnaeus had

this specimen, taken from a plant cultivated in the garden at Upsala, at

hand when he drafted the protologue and that the details of the phrase-

name are based upon it; they therefore chose it as lectotype of the name.

They do admit that the specimen on sheet 1228.19 does not agree in

all details with the protologue, for the plant has leaves with either five

or six pairs of pinnae, not consistently five, and the pinnae have ten to

twelve pairs of leaflets, rather than only ten, but they point out that there

is variation in these leaf characters and that Linnaeus might have had

available other specimens, perhaps from the same tree, or that he, human-
ly, might have been careless.

The arguments of Gillis and Stearn were put forth in rebuttal to those

of De Wit, who in 1961 had typified the name, not by the specimen in

the Linnaean herbarium, but by a drawing made by Charles Plumier.

The drawings made in the West Indies by Plumier were published only

long after his death by Johan Burman of Amsterdam, from 1755 to 1760,

as Plantarum Americanarum Fasciculus . . . continens Plantas, quas

olim Carolus Plumierius, Botantcorum Princeps, Delexit, Eruitque, Atque

in Insulis Antillis ipse depinxit. The history of Plumier 's drawings and

of Burman 's publication of them was discussed by Gillis and Stearn (loc.

cit.)

The drawing published by Burman in 1755 as tabula sexta in the first

fascicle depicts the wild tamarind and agrees exactly with Linnaeus 's

phrase-name in that each leaf has five pairs of pinnae and each pinna

has ten pairs of leaflets. Could Linnaeus have seen the drawing? No
doubt he did, in 1738 in Leiden, for Herman Boerhaave had a set of

copies of Plumier's drawings, the "Codex Boerhaavianus,'' which on Boer-

haave's death went to Burman, who eventually published them. Could

Linnaeus have remembered one mimosoid legume seen in 1738 when he
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drafted Species Plantamm during the 1740's, or did he see Burman's
plates before their publication?

De Wit maintains that Linnaeus must have done one or the other,

for the details of bracts and peduncles in the protologue could have come
only from Plumier's drawing. Gillis and Stearn point out that there

exists no evidence that Linnaeus made detailed notes when he saw the

drawings in 1738, and, moreover, that M. latisiliqua does not appear in

the 1746-1748 draft copy of Species Plantamm in the library of the

Linnean Society. They further point out that there is no evidence in

Burman's correspondence with Linnaeus that he could have seen this

plate before Species Plantamm was published. They have therefore

typified the name by the specimen in the Linnaean herbarium, and Gillis

has made the combination Leucaena latisiliqua (L.) Gillis for the lead tree.

It is of some practical importance to determine the correct names for

these two species, since each is the type of its genus, and the lead tree

is widely grown beyond its natural range and is naturalized in many areas

of the Old World tropics, e.g., India, Malaysia, Indonesia, and Australia.

When Bentham described Leucaena in 1842, he included the lead tree,

as L. glauca, and three other species. He described Lysiloma in 1844,

including the wild tamarind as L. bahamensis, and six additional species.

The description of Lysiloma notes "Stipulae saepius foliaceae v. mem-
branaceae"; that of Leucaena says nothing of stipules. It is clear that

Bentham intended Lysiloma to include species with conspicuous, leaflike

stipules. In his "Revision of the Suborder Mimoseae" (1875), Bentham
replaced his own earlier name for the wild tamarind with L. latisiliqua (L.)

Bentham and described the stipules as being leaflike, ovate, acute, and

semicordate and auriculate at the base. He also remarked, "Plumier's

figure and description, upon which Linnaeus established the species, leaves

no doubt as to the identity of his plant with the one above described.'

To return to the Linnaean protologue: (1) the phrase-name itself is

descriptive of both the specimen in the Linnaean herbarium and of Plu-

mier's drawing, but more exactly so of the latter; (2) Plumier's poly-

nomial from his Catalogus (1703) could refer to any one of many mimosoid

legumes; but, (3), the details of "bracts" (i.e. stipules) and of peduncles

Linnaeus must have had from some source other than the specimen on

sheet 1228.19— the details are exactly descriptive of Plumier's drawing.

The protologue is, perhaps, based upon two elements, but one of these

surely was Plumier's drawing, and in the interests of nomenclatural stabil-

ity, it is by this that the name should be typified.

Gillis and Stearn offer in support of their arguments the statement made
by Philip Miller in 1759 that Linnaeus's M. latisiliqua was the same as

the lead tree grown as Acacia non spinosa, . . . , siliquis longis planis in

the Chelsea Physic Garden. But there is another contemporary com-

ment to be considered. Burman's Plantamm Americanamm . . . con-

sists not of illustrations alone. The ten fascicles include 262 pages of

text. For each species depicted, there is given in the text the name used by

Plumier and the phrase-name from Species Plantamm if Linnaeus ac-
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cepted the species, as well as synonyms and a short description. The
text accompanying tabula sexta, the drawing of the wild tamarind, gives

Linnaeus 's phrase-name for M. latisiliqua and a clear reference to its

page and number in Species Plantarum. Burman, friend and corre-

spondent of Linnaeus, clearly considered Plumier's drawing to represent

M. latisiliqua.

We regret that we must disagree with Dr. Gillis and Dr. Stearn, but

we think that there is very strong evidence that the protologue of Mimosa
latisiliqua is based, at least in part and likely in its whole, upon Plumier's

drawing of the wild tamarind. When and where Linnaeus saw the draw-

ing and thus refreshed his memory of the species we do not know, but the

description of "bracteae dimidiato-cordatae" and of "pedunculi terni" did

not come from the specimen chosen as lectotype by Gillis and Stearn.

Those features he must have seen on the drawing. One cannot now prove

that Linnaeus did not see the drawing after 1738 any more than we can

prove that he did see it at some later time, but there is no other source

for those details about the "bracts," details which indicate that Linnaeus

was referring to a species of Lysiloma, not to a Leucaena. We therefore

agree with De Wit that the correct name for the wild tamarind is Lysiloma

latisiliquum (L.) Bentham, that of the lead tree, Leucaena leucocephala

(Lam.) de Wit.

There have for many years been controversy and confusion about the

correct application of these names, so that much material in herbaria is

wrongly named. Furthermore, in the only recent flora for any of the

Antilles where the two genera occur, Flora de Cuba (Vol. 2, 1951 ) of Broth-

ers Leon and Alain, Lysiloma sabicu is described as L. latisiliqua (L.)

Bentham, and the true Lysiloma latisiliqua is under the name L. bahamense

Bentham.

We have studied and examined both literature and the specimens in

the herbaria of the Gray Herbarium and the Arnold Arboretum. To aid

in clarifying the application of the names we have cited representative

specimens of each of the species.

Key

Pinnae 3-10 pairs; leaflets (9-) 13 (-20) pairs, acute; stipules lacking or

spinescent; flowers usually perfect, each subtended by a peltate bract; sta-

mens 10, free, the anthers versatile, introrse, usually somewhat pilose; pollen

shed as single grains; infructescences with several fruits borne from each

one, the fruits slender, flat, not coiling; seeds brown and compressed

Leucaena leucocephala.

Pinnae 1-many pairs; leaflets small and numerous or larger and with fewer

pairs, petiolar nectary present at least below the lowest pair of pinnae; larger

leaflets obovate, obtuse; stipules foHaceous, obovate, or ovate and auriculate;

flowers perfect or the lowermost staminate; stamens monadelphous, united

for one-fourth to ca. one-half the length of the filaments, the anthers peltate;

pollen shed in 16-grained polyads; fruit broad, often twisted at the base, the

valves eventually separating from the sutures Lysiloma.

Pinnae 3-4 pairs; leaflets 3-6 pairs, petiolulate, obovate, obtuse, with second-
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ary venation conspicuously reticulate, 1-2.3 cm. long, 0.6-1.5 cm, wide;

stipules obovate, ± persistent Lysiloma sabicn.

Pinnae 2-4 pairs; leaflets 11-26 pairs, essentially sessile, elliptic, narrowly

obtuse, secondary venation obscure, 0.9-1.5 cm. long, 0.4-0.7 cm. wide;

Leucaena leucocephala (Lam.) de Wit, Taxon 10: 53. 1961.

Mimosa leucocephala Lam. Encycl. Meth. Bot. 1: 12. 1783, Holotype:
Lamarck herbarium s. n. (p).

Acacia leucocephala (Lam.) Link, Enum. Hort. Berol. pars 2. 444. 1822.

Mimosa glauca sensu Linnaeus, Sp. PI. ed. 2. 2: 1504. 1763, non M. glauca

L. Sp. PI ed. 1. 1: 520. 1753 = Acacia glauca (L.) Moench. Meth. PI.

466. 1794 (see De Wit, Taxon 10: 50-54. 1961; Ibid. 24: 352. 1975).

Acacia glauca sensu Willd. Sp. PI. 4: 1075. 1806. The description given by
Willdenow is that of M. glauca from the second edition of Linnaeus's

Species Plantamm, but nomenclaturally, the combination is based on
M. glauca L. of the first edition. = Acacia glauca (L.) Moench.

Leucaena glauca "(Willd.)" Bentham, Jour. Bot. 4: 416. 1842. This com-
bination is based upon ''Acacia glauca Willd." (see above).

Representative specimens from Bermuda, the Bahama Islands, and the

Greater and Lesser Antilles. Bermuda. Paynter's Vale, Moore 3133 (a) . Bahama
Islands. North Bimini: without exact locality, Howard & Howard 9984 (gh).

Cuba. Vicinity of Santiago City, Pollard et al. 287 (a). Jamaica. Buff Bay and
vicinity. Mason 10338 (gh). Dominican Republic, Guayubin, Abbott 981a

(gh). St. Thomas. Without exact locality, Eggers 270 (a). Tortola. Without
exact locality, Fishlock 177 (a). St. Kitts. Without exact locality, Cooley 8796
(oh). Dominica. Morne Bruce, Roseau, Hodge 613 (gh). Barbados. Bridge-

town, along sea beach. Potter 5464 (gh). Trinidad. Without exact locality.

Leucaena fonnosa G risebach , Cat. PI . Cubens. 8 2 and 284 [addenda] 1866.

Holotype: Wright 2392 ( een in gh.

Acacia formosa sensiu A. Richard in Ramon de la Sagra. Hist, de rile de

Cuba. Botanique. Plantes \asculai . formosa Kunth,

Mimoses 102. t. 3, [1819J.

ciMEXs. Bahama Islands. Great Guana Cav: without

exact locality, Britten & Millspaugh 2887 (gh). Cat Island: around Wilson's

Bay, Byrne 253 (a). Without exact locality, Bryant s. n. (gh). Cuba. Rangel,

Rosario Mts.. Bra. Alain 49 (gh); near Blue Beach. 3 miles from Guantanamo,

Fairchild 3887 (a). Isle of Pines: Rio Jucaro. Marie-Victorin & Alain 106

(gh). Haiti. Slope of M. Haut de St.-Marc. Ekman H8080 (en). Dominican

Republic. Riverbed of Rio San Juan, Hato del Padre. San Juan. Ekman
H13459 (gh).

Lysiloma latisiliquum (L.) Bentham, Trans. Linn. Soc. London 30:

534. 1875.

Mimosa latisiliqua L. Sp. PI. ed. 1. 1: 519. 1753. Lectotype: tab. 6 (text,
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p. 3), Burman, Plantarum Americanarum Fasciculus Primus, coJitinens

Plantas, quas olim Carolus Plumierius, Botanicorum Princeps, Detexit,

Eruitque, Atque in Insiilis AntilUs ipse depinxit. 1755.

Acacia latisiliqua (L.) Willd. Sp. PI. 4: 1067. 1806.

Lysiloma bahamense Bentham, London Jour. Bot. 3: 82. 1844. Holotype:

Bahama Islands, Swainson s.n. (k).

Acacia bahamensis (Bentham) Grisebach, Fl. Brit. W. Indian Islands 221.

Representative specimens. United States. Florida: ca. 1 mile north of

Long Pine Key campsite, Everglades National Park, T58S, R36E, Ward 3933

with Godfrey & Burch (gh). Bahama Islands. New Providence: near Nassau,

Curtis 153 (a). Rum Cay: hill overlooking Fort Boyd, Gillis 6288 (a). Maya-
guana: Wreck Bay Road, Gillis & Proctor 11572 (a). Cuba. Milpa, Cien-

fuegos Bay, Jack 5116 (a); eastern side of entrance to Cienfuegos Bay at Pasa

Caballo, opposite Castilla de Jagua, Wood & Atchisoii 7444 (a) ; Guatao,

Bro. Leon 12473 (gh). Haiti. lie la Tortue, between La Vallee & La Roseliere,

Ekman H4051 (a) ; vicinity of La Vallee, Tortue Island, Leonard & Leonard

15423 (a).
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WOOD ANATOMY OF MYROTHAMNUS FLABELLIFOLIA

(MYROTHAMNACEAE) AND THE PROBLEM OF
MULTIPERFORATE PERFORATION PLATES

Sherwin Carlquist

The wood anatomy of Myrothamnus flabellijolia Welw. has been

briefly described by Tippo (1938). The purpose of the present study is

to expand Tippo's description, to present illustrations of the wood anatomy
of this species for the first time, to interpret ecologically the peculiarities

of this wood, and to offer some preliminary comments on possible relation-

ships of Myrothamnaceae. The family consists of two species: M. mos-

chatus Baillon, of Madagascar, and M. flabellijolia, which ranges from

Angola and Southwest Africa to the Transvaal (Niedenzu & Engler, 1930;

Zemke, 1939). Myrothamnus moschatus has never been studied anatom-

ically, and unfortunately material of this species was not available. My-
rothamnus flabellijolia has been studied for its vegetative anatomy
(Grundell, 1933; Zemke, 1939) because of its notable leaves, which ex-

pand and contract markedly with water availability. The xeromorphic

habit of M. flabellijolia may be somewhat deceptive. Although it does

grow in winter-dry areas, it tends to occur in crevices of rocky outcrops.

Where I observed and collected this shrub in the Magaliesberg just north

of Pretoria, Republic of South Africa, the sites it occupied were rock

crevices that also proved to be seeps, suggesting attenuated availability

of water. Thus Myrothamnus can be considered to have both xeric and

mesic aspects in its niche preferences, a fact of significance with respect

to wood anatomy.

Other features of Myrothamnus wood needing explanation include such

peculiarities as the type of multiperforate perforation plates, the absence

of axial parenchyma, and the nature of the ray histology. Some of these

peculiarities may be related to limited accumulation of secondary xylem.

Although M. flabellijolia is a shrub, stems never become large without

splitting into several segments, a habit typical of desert shrubs from

various parts of the world. Because secondary xylem accumulation is

limited, and because wood anatomy by itself yields restricted data with

respect to systematics, the sum of the wood characteristics may not pro-

vide much information of use in phylogenetic comparisons. Often the

chief dividend of studies in wood anatomy may be an understanding of

the ecological and habital characteristics of a species (Carlquist, 1975).

Phylogenists can be said to agree generally on the phyletic placement

of the Myrothamnaceae, but they differ to various degrees concerning

the family's placement in particular orders or its sequence in phylogenies.
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MATERIALS AND METHODS

Wood samples of Myrothamnus flabellifolia were collected in the field

and dried; the specimen Carlquist 5133 (rsa, a, and other herbaria)

documents this Magaliesberg population. Wood of the largest stem avail-

able (ca. 3 cm. in diameter) was sectioned, and the sections were stained

with safranin. Macerations were also prepared from this stem, as well as

from a large root and a twig, by means of Jeffrey's fluid; a safranin

stain was used. Unfortunately, circumstances did not permit liquid pres-

ervation of wood samples, a procedure desirable in view of the possible

nucleated nature of tracheids. For quantitative data, 50 measurements

per feature were obtained.

ANATOMICAL OBSERVATIONS

Description. The following description is based on stem material, with

data from the root and twig samples added where noted.

Woody cylinder furrowed at periphery. Growth rings inconspicuous

(Figure 1) but definitely present. Vessels mostly solitary (Figure 1),

the average number of vessels per group 1.05. Mean vessel diameter

36 /xm. Mean vessel-element length 534 ixm. in stem, 621 /xm. in twig,

613 fim. in root. Vessels angular in transectional outline (Figure 3).

Perforation plates of a modified scalariform type (Figures 4 & 5), some-

what reminiscent of radially very much widened pits and thus networklike,

sometimes with thin strands of wall material interconnecting the bars

(Figure 5). Range and average number of bars not determinable be-

cause of the networklike pattern. Bars at least sometimes with incon-

spicuous vestigial borders. Lateral wall pits of vessels circular in outline

(Figure 4, above), sometimes opposite but elsewhere so sparse that the

pattern cannot be termed alternate or opposite. All imperforate elements

tracheids, with pits fully bordered and apertures circular to elliptical, the

longest axis still shorter than the diameter of the pit cavity. Apertures

sometimes appearing to lengthen by the fracturing of the apparently gela-

tinous inner secondary wall. Marked shrinkage patterns indicative of

gelatinous nature of tracheids not evident, but staining reactions (Figure

3) of inner secondary wall layers different from those of outer layers.

Tracheids often rectangular in transectional outline (Figure 1; Figure

3, upper left), tangentially up to twice as wide as radially (often 16 ;um.

X 9 /xm. or 16 /^m. X 8 ^m.). Pits in more than a single series on the

walls that are tangentially widened. Mean tracheid length in stem 533

fxm.; in twig 633 yi^m.; in root 655 yum. Mean tracheid-wall thickness

2.2> ixxn. Axial parenchyma absent. Rays exclusively uniseriate (Figure

2), composed mostly of erect cells, with a few square cells and virtually

no procumbent cells (if present, only slightly wider radially than ver-

tically). Mean ray height 427 fxm. Crystals absent. Amorphous de-

posits (tending to appear threadlike or webby) present in ray cells and

tracheids; presence of such deposits uniform in both ray cells and tracheids,
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suggesting that tracheids may have a longevity like that of ray cells and

may therefore be nucleated.

Element length. Tippo (1938) found the mean vessel-element length

in his material to be 905 /ului., which is appreciably longer than the mean

in my material. The provenance of Tippo's specimen is not reported, but

different populations and different portions of a plant can easily yield

differences in element length of this magnitude.

The ratio of mean tracheid length to mean vessel-element length for

any given wood sample is of interest, for ratios only a little greater than

1.00 indicate the primitiveness of a wood (a sort of measure of minimal

differentiation between mechanical and conductive systems in wood),

while ratios may range as high as 8.00 in specialized woods (Carlquist,

1975). In my data above, the ratio would be 0.99 in the stem, 1.07 in

the root, and 1.02 in the twig. That vessel elements should on the aver-

age be shorter than tracheids in a given wood sample is an anomaly

seemingly contrary to the commonly held notion that imperforate ele-

ments are at least a little longer than the vessel elements they accompany.

I have noted (1975) an exception to the low ratio as indicator of primitive-

ness in Leitneria floridana, which has specialized wood with libriform

fibers only slightly longer than vessel elements. This I ascribed to the

limited stem size in Leitneria, in that mechanical elements, which tend to

be stronger when longer (for a discussion, see Carlquist, 1975), would

be of lessened selective value for length. Cumbie (1967) has, in fact,

reported circumstantial evidence of limited intrusiveness of libriform fibers

during maturation in Leitneria. Except in the stem of M. flabellijolia,

the only other instance I know in which the tracheid-to-vessel element

length ratio falls below 1.00 is in the stem of Grubbia rosmarinijolia (un-

published data) ; this species is also a small shrub of finite size. While

one might say that in these two instances a ratio below 1 .00 is an anomaly

due to insufficient number of measurements and that a ratio of 1.00 or

more would be obtained had more cells been measured, there is another

possibility. In these two species, as well as in Leitneria floridana, finite

stem size may well be related to lack of intrusiveness of imperforate ele-

ments, for reasons cited above. At the same time, the enlargement of ves-

sel elements in diameter during their maturation might have, as an in-

evitable component, a tendency toward intrusiveness in length also. One
must remember that our knowledge of wood anatomy in shrubby and

herbaceous species is still rudimentary compared with the data on hand

concerning the wood of tree species. However, I would interpret the low

ratios in M. flabellijolia to be indicative of primitiveness, because they

are associated with morphological primitiveness of both tracheids and

vessel elements.

Rays. Tippo (1938) described rays of his material of Myrothamnus
flabellijolia as corresponding to Kribs's "Heterogeneous Type 3," that

is, uniseriate rays present exclusively and these composed of procumbent,
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square, and erect ray cells. If procumbent cells were lacking or nearly so,

as I found in my material, these rays would not fall into any of the cate-

gories of Kribs (1935). In fact, rays composed solely of square and erect

cells, or of erect cells only, can be found in a number of dicotyledons with

limited secondary xylem accumulation. A hypothesis for the possible

functional significance of such rays has been given elsewhere (Carlquist,

1962, 1975, 1976b) and is mentioned below in relation to axial parenchyma.

Axial parenchyma. The absence of axial parenchyma in Myrothaninus

flabellifolia might be explained in two ways. First, the abundance of

uniseriate rays (Figure 1), with ray cells predominantly erect, may rep-

resent a tissue that functions both in vertical and radial horizontal con-

duction and in storage of photosynthates. This condition would be ex-

pected more in stems with small size, and therefore little radial conduc-

tion, than in large stems, where procumbent cells would improve radial

conduction (Carlquist, 1975). A second possible explanation might be

that tracheids in M. flabellifolia may have greater than normal longevity

and, as nucleated cells, function like axial parenchyma in conduction and

storage (see Wolkinger, 1969 & 1970, and Carlquist, 1975, for data and

discussions). A number (but by no means all) of the dicotyledons that

lack axial parenchyma have limited secondary xylem accumulation. How-
ever, the correlation between the absence of axial parenchyma and the

nucleated nature of imperforate elements is nearly perfect.

Perforation plates. In Myrothamnus flabellifolia, Tippo (1938) claimed

that "all the perforation plates are scalariform. There are many bars

(about 45) and the perforations are narrow." My data differ somewhat,

for I found perforation plates to be relatively wide and easily distinguished

(Figures 4 & 5), with fewer than 45 bars, if bars can be distinguished

where plates are rather networklike. Some perforation plates in my ma-

terial were superficially scalariform, but even in these plates strands of

secondary wall material interconnecting the bars could be seen. ^More

commonly, the perforation plates appeared to consist of two or three

series of perforations (Figure 4), as though alternate pits without mem-
branes were widened radially into perforations. Such perforation plates

have been figured by Jane (1956) for Vaccinium leschenaultii and by

Wilson (1960) for Warburgia ugandensis, Cinnamosma madagascariensis

,

and Canella alba. The type of perforation plate with strands irregularly

interconnecting the bars has been figured by Carlquist (1961b) for Car-

penteria califarnica, by Solereder (1908) for Epacris heteronema, and by

Wilson (1960) for Warburgia stuhlmanii. Multiperforate perforation

plates with variously random arrangement of bars and openings, unlike

those of Myrothamnus, have been figured by a number of authors, such

as Butterfield and Meylan (1975), Carlquist (19S6a, 1961a, 1976a),

Chalk (1933), Gottwald and Parameswaran (1964), MacDuffie (1921),

and Parameswaran and Liese (1973). Such perforation plates may, in

a few cases, be simplifications of the perforation plate related to the vin-
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ing habit, as in the Bignoniaceae or in Tetracera (Dickison, 1967), or

they may be based on metaxylem perforation plate patterns, as figured for

the metaxylem of various dicotyledons by Bierhorst and Zamora (1965).

Irregular presence of multiperforate plates in secondary xylem may char-

acterize some families of a predominantly herbaceous nature, such as the

Asteraceae, in which the secondary xylem may contain more metaxylem

characteristics than in exclusively arborescent families.

The type of multiperforate plate in which irregular interconnections be-

tween bars occur (and this may be construed to include the Myrothamnus

type) may have a functional significance. As I (1975) hypothesized in

the case of "Langsbalchkenstrukturen" crossing pits in scalariformly pit-

ted tracheids of Sigillaria (figured by Henes, 1959), a form of strength-

ening, representing a phylogenetic innovation and not a relictual phenome-

non, may have been evolved. One can hypothesize that in dicotyledons

with primitive wood structure most have adapted to seasonal water avail-

ability through simplification of the perforation plate to fewer bars (Carl-

quist, 1975). However, in other cases, strengthening of the scalariform

perforation plate by innovation of strands that interconnect the bars may
have evolved as a mechanism for accommodation of high tensions in the

xylem during dry seasons. This would be understandable if slow rates of

conduction also occurred, for narrowing of the total perforation area

would be selectively tolerable only with slow conductive rates. Such slow

rates can be achieved by means such as heavy cuticularization of leaves

(as in Carpenteria californica), reduction in leaf size (as in Myrothamnus),
or both reduction in leaf size and alteration in leaf surfaces to reduce

transpiration (as in Roridula dentata, Carlquist, 1976a). Thus, a few

plants with scalariform perforation plates of an altered type may persist

in areas of seasonal dryness. This hypothesis was also employed to ex-

plain the fact that multiperforate perforation plates are present in ves-

sels of Ephedra, while Gnetum (with large leaves and presumptively oc-

casionally rapid rates of transpiration) almost always has simple per-

foration plates (Carlquist, 1975).

SYSTEMATIC RELATIONSHIPS

Wood anatomy alone can offer only a limited amount of relevant in-

formation. Tippo (1938) claimed that Myrothamnus resembles Hama-
melidaceae very closely with respect to wood anatomy. This is in a sense

true, although Hamamelidaceae differ in their heterogeneous multi-

seriate rays and in their possession of axial parenchyma. The family

Myrothamnaceae has been placed in the Hamamelidales by a number of

authors (e.g.. Cronquist, 1968; Hutchinson, 1959), a position not very

different from its placement in the Rosales in other systems (e.g., Wett-

stein, 1935). Thorne (1968) included Myrothamnaceae in his order

Pittosporales, the composition of which represents one of Thome's bolder

innovations. Thus Myrothamnus can be considered generally "rosoid"'

according to all the authors cited. Myrothamnus could be compared
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closely in wood anatomy to families other than the Hamamelidaceae. For
example, the wood of Roridulaceae differs only in the presence of axial

parenchyma and a few very minor details (Carlquist, 1976a). Therefore,

although wood anatomy confirms a "rosoid" position for Myrothamnus,
other lines of evidence are required for formulation of a more precise

statement of familial relationships. Wood anatomy does clearly mark
Myrothamnus as one of the few relictual groups that have retained prim-

itive xylem in pockets of mesic habitat within southern Africa. Other
such families include the Bruniaceae, Canellaceae, Cornaceae (Curtisia),

Geissolomataceae, Grubbiaceae, and Roridulaceae. The compensatory
mechanisms by which such groups, even in mesic microclimates, have
proved adaptive despite primitive types of conducting tissue form an
interesting topic in ecological anatomy, which I have sketched in an
earlier book (Carlquist, 1975, pp. 149-150).
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A REVISION OF THE GENUS KOELREUTERIA (SAPINDACEAE)

F. G. Meyer

In his revision, published posthumously in Das Pflanzenreich (1933),

L. Radlkofer recognized seven species of Koelreuteria Laxmann, all from

eastern Asia. Among the 143 genera and 14 tribes of Sapindaceae de-

limited by Radlkofer, the tribe Koelreuterieae consists of Koelreuteria,

Stocksia, and Erythrophysa, all of the Old World (Radlkofer, 1931). Its

immediate relationships are with tribe Cupanieae (45 genera), tribe Cos-

signieae (two genera), and tribe Dodonaeeae (14 genera).

Radlkofer was the acknowledged world authority on the Sapindaceae,

and his monumental world monograph of the family (1931-1934) is still

the standard reference. While the treatment of Koelreuteria reflects the

author's characteristic scholarly resume of the literature and related his-

toric details, the taxonomic portion suffers from a rather limited under-

standing of relationships and variation within the group, due, no doubt,

to a paucity of available material for comparison. In the writer "s view,

too many taxa were recognized at the species level, causing problems in

the application of names to these trees both in the herbarium and in cul-

tivation. Two members of the genus, K. bipinnata (syn. K. integrifoliola)

and K. elegans (syn. K. henryi, K. formosana) have been the source of

most of the taxonomic confusion existing among botanists, horticulturists,

and others who have dealt with these trees in the past. The third member,

K. paniculata, is much less troublesome taxonomically. All of the known

species of Koelreuteria are trees of widely recognized horticultural merit;

they are found in parks, arboretums, campuses, nurseries, and gardens of

this country and of many other countries as well. A critical review of the

genus, therefore, has been undertaken to update the taxonomy of the

group, especially with reference to the cultivated members.

Since Radlkofer's day, a vast quantity of new material has become

available, and the known distribution of the genus has been extended

from Taiwan to Fiji, some 7200 km. to the southeast. As currently rec-

ognized, the genus Koelreuteria consists of three entities at the species

level, K. paniculata and K. bipinnata, both confined to China, and K.

elegans, distributed in Taiwan and Fiji. Evidence now shows conclusively

©President and Fellows of Harvard College, 1976.
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that K. paniculata is not indigenous to Korea and Japan, as hitherto re-

corded by some authors, but occurs in those areas only as a naturalized

introduction dating from an earlier period in history.

The plant described as Koelreuteria minor Hemsley (1900) has been

removed from the genus Koelreuteria. It will be treated separately as a

proposed new genus on the basis of distinctive floral characters which here-

tofore have not been recognized.

This account is based on material borrowed from 35 herbaria, as well

as on personal observations of living material of all the taxa presently in

cultivation.

HISTORY

The genus Koelreuteria dates from 1772 and was based on cultivated

material grown at St. Petersburg (now Leningrad). Earlier, during his

14-year sojourn in north China, the Jesuit father Pierre d'Incarville

(1706-1757) sent seeds of many different plants to a Professor Krashen-

innikov, academician botanist at St. Petersburg, and to Bernard de Jus-

sieu in Paris. He also made the first herbarium collection of north Chinese

plants, which is still preserved in the Museum National d'Histoire Natur-

elle in Paris. In addition to seeds of K. paniculata, DTncarville also sent

seeds of a number of woody plants previously unknown in Europe, in-

cluding Ailanthus altissima, Biota orientalis, Caragana chamlagu, Gledit-

sia sinensis, Lycium chinense, Vitex negundo, and Zizyphus jujube (Bret-

schneider, 1881).

The tree now called Koelreuteria was first observed by Erik Laxmann
(1737-1796) 1 growing in the winter gardens of the Academy in St. Peters-

burg, where it flowered for the first time in the warm summer of 1771.

Laxmann, in his admiration for the plant, sent a leaf and a brief Latin

description of the tree to Linnaeus in a letter dated August 5, 1771; the

letter is still preserved in the Linnean Society in London. Laxmann's en-

thusiasm was later transmitted in Novi Commentarii Academiae Scien-

tiarum Imperialis Petropolitanae 16: 561. 1772, the publication in which

the name Koelreuteria appears for the first time. His introductory com-

ments are as follows (from the Latin):

•Although for 20 years and more this little tree has flourished in the

winter gardens of the Academy, yet no one could classify it exactly,

lacking any fruiting all these years. The earlier part of the past sum-

mer [1771], I mean the months of May and June, which were quite

now Turku) in Finland. In 1762 he moved to St. Petersburg; he later made
ensive travels across Siberia and once visited Alaska, then a Russian province,

orresponded with Linnaeus between 1764 and 1776 and published 5 botanical

lers, in addition to pursuing his other interests in mineralogy, chemistry, travel,

ntomology. He died during the middle of a Siberian winter in 1796 on his wa
apan (cf. Raskin & Shaffranovskii, 1971).
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moist, were so favorable to flowering that the Arachis hypogaea, and
other plants native to the tropics, not only joyfully bloomed in the

windows of my greenhouse, but even matured fruits. Also adorned
with flowers was this little tree, whose nuptials our botanist had for

so many years eagerly awaited. And so it was my fortune, to my ex-

ceeding delight, to be a spectator at these very rare nuptials. Having
seen the flowers, I have taken care to depict from life this small tree,

which constitutes its own genus. And in order to offer some small

token of my esteem, and that of the world of plant lovers, to a man
outstandingly and deservedly most distinguished, both in botany and
in our botanic garden, Koelreuter,- I have named it Koelreuteria."

The genus has been treated by various authors. Jussieu (1789) was
the first to associate Koelreuteria (misspelled ''Kolreuteria") with the

plant family "Sapindi"; De Candolle (1824) placed Koelreuteria among
four genera of Sapindaceae, Tribe III, Dodonaeaceae H.B.K.; and Ben-
tham and Hooker (1862) placed the genus among 89 genera in Suborder

1. Sapindeae of the Sapindaceae.

The taxonomic investigations of Sapindaceae by Radlkofer (who lived

from 1829 to 1927), including revisions of all the genera, covered nearly

half a century and are the most comprehensive ever undertaken of the

family as a whole.

In his world monograph of the family in Das Pflanzenreich (1931-

1934), Radlkofer placed Koelreuteria in his subfamily Dyssapindaceae

(Sapindaceae anomospermae) in tribe Koelreuterieae Agardh (see Agardh,

1858) with two other genera, distinguishing between them as follows

(from the German):

A. Trees with large pinnate to bipinnate leaves with a naked rachis; flowers

medium-sized, yellow; sepals valvate Koelreuteria Laxm.
A. Shrubs with small leaves; sepals imbricate.

B. Thorny shrubs with simple leaves, the membranous capsule 3-lobed.

B. Unarmed shrubs with pinnate leaves and a winged rachis. the utriclelike

membranous capsule ultimately irregularly dehiscent

Erythrophysa E. Meyer.

MORPHOLOGY AND TAXONOMIC CRITERIA

Habit. The genus Koelreuteria consists of medium-sized to large de-

ciduous trees, usually with thick, rough to furrowed bark. Lenticels nor-

mally occur, especially on the twigs and young branches, although they

are not diagnostic at the species level.
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shoot apex. In Koelreuteria paniculata, for example, the dormant termi-

nal vegetative buds may persist for several years, giving a characteristic

knobby appearance to the twigs. The ontogeny of the two outer prophylls

or bud scales of each axillary leaf bud may be compared with that of the

lateral prophylls found in certain species of Carya (Stone, 1962).

Leaves. The compound leaves are alternate and characteristically im-

paripinnate. Good taxonomic differences are exhibited in the leaves, and

it is possible much of the time to distinguish the species on the basis

of leaf differences.

Inflorescences. Radlkofer (1933) referred to the ultimate flowering

branches as 'thyrsoideis cincinnigeris," whereas Baillon (1878) referred

to the same structures as "terminal ramosely cymiferous racemes." ]\Iodi-

fications that resemble a cyme may occur, but basically the inflorescence

of Koelreuteria is indeterminate and racemose and, in this respect, similar

to some other sapindaceous genera, such as Sapindus and Cupania.

Flowers. (Figures 9, 12, 13.) Polygamy is the usual condition found in

Koelreuteria. Normally, the flowers are functionally unisexual, both stam-

inate and carpellate flowers occurring together in the same ultimate ter-

tiary or quaternary branchlet. In the first flush of flowering, staminate

flowers predominate in a ratio of approximately two staminate to one

carpellate, although as flowering progresses carpellate flowers may pre-

dominate. Clos (1869) first observed that flowers of Koelreuteria produce

stamens of two lengths, "les longistaminees," with functional stamens in

wholly staminate flowers, and "les brevistaminees," with short erect and

nonfunctional stamens in carpellate flowers. Although the anthers in

carpellate flowers fail to develop properly and soon abort, further observa-

tion shows that the pollen grains are usually normal in size. As observed

in K. paniculata and K. elegans subsp. jormosana, the flowers are ento-

mophilous, bees and other small insects being the usual pollinators.

At anthesis, the flowers of Koelreuteria are asymmetric, a condition

derived through a shift of the petal and staminal whorls during growth.

While in early bud stage both the petal and stamen whorls are regular and

concentric, during development the petal limbs become reflexed in a

posterior position and the staminal whorl becomes declinate through a

shift in position of the filaments.

Petal shape in combination with other characters is of some diagnostic

value in the identification of the taxa. Each petal consists of a claw

(stalk) and limb with two accessory appendages. The appendages have

been variously interpreted as "nectarium squama" (Laxmann, 1772), as

''appendices glanduHformes" (Payer, 1857), as "bipartite scales" (Bail-

lon, 1878, and Radlkofer, 1931), and as "glands" (Elwes & Henry, 1913).

These accessory organs are, in fact, thickened lobulate-undulate out-

growths of the petal limb, whose function is undoubtedly the attraction of

bees and other pollinating insects. In fresh, young, opening flowers of

Koelreuteria paniculata and K. elegans subsp. jormosana, for example,
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the appendages appear uniformly yellow, the same color as the petal

limb, while at anthesis, when various pollinators appear, the appendages
turn a bright orange-red. Dr. Frank S. Santamour, research geneticist at

the U. S. National Arboretum, has identified the led anthocyanln pmment
in the appendage^ of K. paniculata as cyanidin 3-rutinoside, a faiily com-
mon pigment among flowering plants. The flowers, also, are quite fragrant

in both species ob.served. Fresh flowers of K. bipinnata were not available

for study.

Clos (1869) referred to the short raised stalk between the calyx and the

disc as the androgynophore.

Fruit. The dry, winglike papyraceous capsules provide an important

means of identification, particularly in Koclreuteria paniculata. which has

tapering conoidal capsules and is clearly distinguished from K. bipinnata

and K. elegans, both with suborbicular to rotund capsules and morpho-

laped outline

.rding to Ru-

much emphasis has been placed

causing some of the confusion in the taxonomy of

' basis of fruit alone, Hemsley in 1900 described a

:ith small retuse capsules, and Radlkofer (1933) fol-

e in dealing with the same plant. Now that flowers are
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s clear that K. minor belongs not to the genus Koelreute.

Seeds and seedlings. (Figure 1.) The seeds are hard and smooth, with

a bony seed coat, and they vary in size and shape from subspherical to

pyriform. The persistent funiculus forms a short stipe at the base of the

seed, which is diagnostic for the genus.

The seeds of Koelreuteria are difficult to germinate because of the bony

seed coat. According to Rudolf (1974), dormancy and delayed seed ger-

mination may be overcome when the hard, impervious seeds are first

soaked in sulfuric acid for one hour and then stratified in moist sand

for 90 days at 41° F. (5° C). Mechanical scarification also promotes

fairly rapid germination. Seeds of K. pankulata may remain viable over

a reasonably long period of time, with a 50 per cent germination recorded

after ten years of storage in an unsealed glass jar.

The cotyledons in all of the species are strap-shaped. Of interest is the

transition to mature leaves which takes place with the appearance of the

first true leaves in K. pankulata. In K. bipinnata and K. elegans the first

true leaves are strongly serrate, a condition of juvenility that persists dur-

ing the early life of the plant before the mature leaves appear; data on the

length of the transitional period, however, is lacking.

Chromosomes. Darlington and Wylie (1955) reported a base number

oi X — 11 for the sapindaceous genera Cardiospermwn and Koelreuteria.

Bowden (1945) reported a chromosome count of 2n = 22 for both K.

paniculata and K. elegans subsp. jormosana {K. jormosana). A count

of 2n = 30 for K. paniculata was reported by Eichhorn and Franquet

(1936) but may be :"

POLLEN MORPHOLOGY
The following discussion of pollen morphology was contributed by Dr.

Joan Nowicke, palynologist, Smithsonian Institution, Washington, D. C.

Materials and methods. Pollen samples were removed from herbarium

specimens, acetolyzed according to the method outlined by Erdtman

(1966), and mounted in glycerin jelly. All slides are deposited at the

Pollen Laboratory, Department of Botany, Smithsonian Institution.

Measurements are based on only 10 grains and should, therefore, be treated

with reservation. Material for the scanning electron microscope was ace-

tolyzed and mounted in a mixture of alcohol-water. After evaporation,

the grains were vacuum-coated with gold, examined, and photographed

with a Cambridge Stereoscan MK II A microscope.

Generic description of pollen. Grains single, spheroidal, oblate-

spheroidal or rarely prolate-spheroidal, 20-27 /xm. P X 21-27 /xm. E, the

amb (polar view) triangular, 3-colporate, the apertures at the angles

(angulaperturate), the exine ca. 1.5-2 jum. thick (measured at the poles),
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the ektexine finely striate, the striae parallel or irregular and finely striate-

reticulate. (Figures 2-7.)

The pollen grains of the four taxa examined were very similar and, with

the exception of K. elegans subsp. elegans from Fiji, almost identical.

Descriptions of pollen are given below for three species: K. paniculata

Laxm.. K. bipinnata Franchet, and K. elegans (Seem.) A. C. Sm.

Koelreuteria paniculata Laxm. Figures 2, 3.

Grains subprolate to spheroidal, 25-27 /xm. P X 21 fxm. E, the exine

ca. 1.5-2 ^m., the ektexine striate.

Koelreuteria bipinnata Franchet. Figures 4,

Grains oblate-spheroidal, 22-23 (-26) /^m. P X 23-27 ^i^m. E, the exi;

ca. 2 fim., the ektexine finely striate.

Material examined. China. Ta-long-tan. pres Tapin-tze. 21 juill

1886, Delavay s.n. (p).

Koelreuteria elegans (Seem.) A. C. Sm. subsp. elegans. Figures 6,

24-26 jam. E, the exine c

elegans subsp. formosana (Hayata) F. G. Meyer.

Material examined. Taiwan. Cuntin Hunchuen, Keng s.n. (us).

This subspecies is very similar to K. bipinnata.
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TAXONOMIC TREATMENT '

slreuteria ^ Laxm. in Nov. Comm. Acad. Sci. Imp. Petrop. 16: 561-

564. t. 18. 1772; Radlkofer in Engler, Pflanzenr. IV. 165: 1329.

1933. Type species: K. paniculata Laxm.

Deciduous trees, single or sometimes multitrunked, with gray to brown,

thick, sometimes fissured bark; twigs, young branches, and petioles often

prominently lenticellate
;
pith whitish to light brown; axillary bud scales

(prophylls) 2, glabrous without, strongly sericeous within. Leaves alter-

nate, exstipulate, imparipinnate, sometimes pinnatisect, the petioles pul-

^'The localities, pinpointed on dot maps (Figures 11, 14, 16), are in accordance

with standard gazetteers and atlases, as follows. China: Mainland China, Gazetteer

No. 22. ed. 2. Vols. 1 & 2. Prepared by the Geographic Names Division, Army Map
Service, Washington, D. C. 1968; The Times Atlas of the World. Vol. 1. The Times

Publishing Co. Ltd., London. 1958. Taiwan: Republic of China, Official Standard

Xames Gazetteer. United States Board on Geographic Xames, Defense Mapping

Agency Topographic Center, Washington, D. C. 1974. Fiji: Fiji, Tonga, and Xauru,

Ofjifial Standard Xames Gazetteer. United States Board on Geographic Xames, De-

fense Mapping Agency Topographic Center, Washington, D. C. 1974.

Herbarium acronyms are in accordance with those of Holmgren and Kcuken (1974).

detail and colpus edge, X 5900; 4, K. bipitmata, polar view, X 1976;

bipinnata, enlargement of surface detail, edge of colpus at lower left, X
6. K. elegans subsp. elegans (Fiji), polar view, X 2183; 7, K. elegans

elegans, enlargement of surface detail, colpus at left, X 5900.
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vinate at base, the rachis canaliculate or flattened on upper side, glabrous

or densely short-hairy on the middle portion, terete beneath; leaflets usu-

ally alternate, sometimes opposite, elliptic to ovate, flat, usually more or

less oblique, entire or serrate to crenate, sometimes pinnatisect to lobed,

sessile or short-petiolulate, sometimes decurrent on the rachis, thick mem-
branous to subcoriaceous, dull or sometimes lustrous, glabrous to sparsely

\X!

paniciilata (Meyer 12570, cultivated):



1976] MEYER, KOELREUTERIA 139

pubescent, sometimes glandular on the veins, mainly beneath, the median
leaflets usually largest. Inflorescence terminal, paniculate, pyramidal,

loosely branched; flowers polygamous, both the staminate and carpellate

on the ultimate tertiary or quaternary branchlets, bracteate, acropetal,

racemose, manifestly regular at first, becoming asymmetric, pedicellate;

calyx lobes 5, 3 long and 2 short, valvate, ovate, ciliate-glandular or pu-

berulent, often persistent; disc slightly oblique, lobulate, on a short andro-

gynophore, more or less undulate-lobed and depressed; petals 4-5 (6),

unguiculate, inserted at the base of the androgynophore, claw up to twice

as long as the calyx lobes, strongly villous, limb glabrous, strongly reflexed,

appendages simple to compound, folded and undulate, yellow at first,

changing to orange-red at anthesis; stamens usually 8 (9), rarely fewer,

on a raised, slightly oblique disc, filaments with long straight hairs mostly

on the lower half, declinate at anthesis; anthers antrorse, with short

straight evanescent hairs on the face and margins; pollen grains 3-col-

porate. Ovary on the disc, 3-locular, placentation parietal; ovules usu-

ally 6, 2 in each locule, more or less median, anatropous, 3 descending

and the raphe dorsal, 3 ascending and the raphe ventral; style exserted,

stigmas 3. Capsules triangular in cross-section, connate near base, in-

flated in upper portion, conoidal or ellipsoidal, sparsely hairy at first, be-

coming glabrous, loculicidal, the valves winglike, papyraceous, reticulate-

veined, ovate and tapered or rotund to suborbicular. Seeds subspherical

to pyriform, black or brown, shiny, sometimes partially or entirely cov-

ered with a whitish waxlike coating, bony, with an exalbuminous, spirally

convolute embryo, the funiculus persistent, forming a short stipe; seed-

lings epigeal, with narrow, strap-shaped cotyledons; base chromosome

Vernacular names. The commonest English name for Koelreuterta is

goldenrain-tree. The name Luan Shu is applied in China, although many
other names are used on a regional basis (Chen, 1957): Shih Luan Shu,

rock Luan tree (Chekiang); Hei Yeh Shu, black-leaf tree, and Mu Lan

Ya, teeth of wooden railing (Honan); Hei Se Yeh Shu, black-leaf tree

(Hopeh) ; Shan Ch'a Yeh, mountain-tea leaves (northeast region) ; Yuan

P'ang, soft stick (Shantung); Luan Hua (from an old Chinese book on

plants) ; Mu Luan, woody Luan (from a Chinese materia medica for fa-

Key to the Species

A. Leaves pinnate, rarely bipinnate; leaflets coarsely crenate-serrate to pinnati-

sect and lobulate, abruptly to narrowly acuminate, often apiculate; valves

of capsule ovate, tapering to apex, greenish to tawnj' while young, dark

lustrous brown when mature. China. Naturalized in Korea and Japan.

Leaflets weakly oblique.
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serrate (the lower leaflets never pinnatisect)
;
petals 4, rarely 5; calyx

lobes fimbriate-glandular ; capsule with valves 3.7-6.6 cm. long, 3-5 cm.

wide. Southern to southwestern China 2. K. bipinnata.

B. Leaflets strongly oblique, long-acuminate to sometimes caudate, entire or

irregularly crenate-serrate (the lower leaflets occasionally pinnatisect)

;

petals commonly 5 or 4, rarely 6; calyx lobes ciliate-glandular, with

short-clavate, often amber-colored to reddish glands; capsule with valves

3.4-5 (-6) cm. long, (2.5-)3.1-4.6 cm. wide. Taiwan, Fiji. 3. K. elegans.

1. Koelreuteria paniculata Laxm. in Nov. Comm. Acad. Sci. Imp.

Petrop. 16: S61-S64. t. 18. 1772; Aiton, Hort. Kew. 2: 7. 1789;

Mirbel in Duhamel, Traite des arbres et arbustes (ed. 2) 1: 165.

t. 36. 1801; Martyn, Miller Card. Bot. Diet. (ed. 9) 2: n. 1. 1807;

Rees, Cyclop. 20: L pt. 39. 1812; Bunge in Mem. Div. Sav. Acad.

Sci. St. Petersburg 2: 85. 1835; Sieb. & Zucc. in Abb. Bayer. Acad.

4(2): 153. 1845; Forbes & Hemsley in Jour. Linn. Soc. Bot. 23:

138. 1886; Elwes & Henry, Trees Gr. Brit. & Ireland 7: 1932,

1933. 1913; Radlk. in Engler, Pflanzenr. IV. 165: 1330. 1933;

How & Ho in Acta Phytotax. Sinica 3: 405. 1955. Lectotype:
Laxmann s.n. (linn, No. 514.5; ICC Micro, ed. hb. linn, card

268). Figures 1-3, 8, 9, 11.

Sapindus chmensis Murray, Linn. Syst. Veg. (ed. 13) 315. 1774; Linn. f.

Suppl. PL (ed. 2) 228. 1781; Murray, Ibid. (ed. 14) 380. 1784; Mur-
ray, Ibid. (ed. 15) emend. Persoon, 407. 1797; Murray, Ibid. (ed. IS) 311.

1798; Poiret in Lamarck, Encycl. Meth. Bot. 6(2): 667. 1805 {nomen
ilkgit.). A substitute name for K. panicidata Laxm.

Sapi7idns smensis J. F. Gmelin, Linn. Syst. Nat. (ed. 13) 2: 642. 1791; Linn.

Syst. \'eg. 1: 642. 1796, reprinted from ed. 13. 1791 (an orthographic variant

based on Sapindus chinensis Murray).
Koelreuteria chinensis (Murray) Hoffmannsegg, Verzeich. Pflanzenkult. 70.

1824, pro syn.

1789; Ibid. pi. 19. 1792,

Koelreuteria japo?iica Hassk. Cat. Hort. Bog. Alt. 226. 1844, nomen nudum.
Koelreuteria pa?iiculata /3 var. japonica Siebold in Jaarb. Kon. Nederld.

Maatsch, Aanmoed. Tuinbouw. 31. 1844, pro syn.
Koelreuteria apiculata Rehder & Wilson in Sarg. PI. Wilson. 2: 191. 1914;

Chung in Mem. Sci. Soc. China 1: 152. 1924; Radlk. in Engler, Pflanzenr.
IV. 165: 1333. 1933; Rehder, Man. 584. 1934; Lee, For. Bot. China 789.

1935. Lectotype: Wilson 2370b (a); isolectotype (us), fruit. Col-
lected September, 1908. It is necessary to select a lectotype specimen to

separate flowering and fruiting specimens, collected on different dates and
originally assigned the same field number, Wilson 2370.

Koelreuteria paniculata var. apiculata (Rehder & Wilson) Rehder in Jour.
Arnold Arb. 20: 418. 1939; Chun in Sunyatsenia 4: 239. 1940; Rehder,
Man. (ed. 2) 592. 1940; Ibid. Bibl. 434. 1949.

Koelreuteria bipinnata Franchet var. apiculata (Rehder & Wilson) How & Ho
in Acta Phytotax. Sinica 3: 407. 1955. Based on Wilson 2370 = K. panicu-
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Figure 9 Koelreiitena paniculata- A. staminate flower, X 6; B, corolla

lobe, showing \illous claw and limb with basal appendages, X 12; C. staminate
flower, showing erose-glandular calyx lobes, raised disc, abortive o\ary, and
stamen with antrorse anther immediately before anthesis. X 6; D, young cap-

sule shortly after anthesis, torn open to show position of seeds, one descending

and the raphe dorsal, in the adjacent valve ascending and the raphe \ antral.

X 6, E. stamen, ventral view, setulose on antrorse face and on margins on

setulose only on the margins,



142 JOURNAL OF THE ARNOLD ARBORETUM [vol. 57

Tree to ca. 13 m. in height and to ca. 50 cm. in diameter; bark thick,

gray-black, longitudinally furrowed; lenticels gray to dark brown, small,

not very prominent; twigs glabrous or sometimes puberulent below the

inflorescence. Leaves spreading, pinnate or rarely bipinnate, 25-50 cm.

long, 10-25 cm. wide; rachis usually glabrous on lower side, with scattered

hairs on upper side; leaflets 11-18, cuneate to truncate, only barely un-

equal at base, narrowly to broadly ovate to elliptic, 4.8-10.7 cm. long,

2.8-6.9 cm. wide, coarsely crenate-serrate to pinnatisect and lobulate,

abruptly to narrowly acuminate, often apiculate at tip, veins faint above,

slightly raised beneath, usually with scattered very short crispate hairs

on the midvein above, the hairs beneath longer and in tufts along the mid-

vein, sometimes mixed with scattered glands, margins sometimes ciliate;

petiolules very short, 1-2 mm. long, often densely hairy. Inflorescence

25-30 cm. long, as much across, densely puberulent, especially on the

ultimate branchlets, and with scattered glands. Flowers slightly fragrant;

pedicels 2.5-5 mm. long; calyx lobes erose-glandular on margin, glabrous

on back or glandular-hairy; petals 4, limb 4.5-7 mm. long, 1.5-2 mm.
wide, acute, primrose yellow {4A, Royal Horticultural Society Colour

Chart, London, 1966), appendages with few folds, primrose yellow at

first, changing to orange-red (34A, Ibid.) at anthesis, claw 1-2.5 mm.
long, densely villous with ascending hairs, and partly orange-red; stamens

long-exserted, filaments densely villous with spreading straight hairs, es-

pecially in the lower half and at base, anthers lavender. Capsules conoidal,

the valves ovate (placenta protruding as a winglike projection from each

valve), tapering to apex, apiculate, 4.3-6.9 cm. long, 2.5-3.2 cm. wide,

greenish to tawny while young, dark lustrous brown at maturity, re-

ticulate-veined on the outside, smooth and somewhat lustrous on the in-

side; styles 3-5 mm. long; seeds nearly spherical, 6-7 mm. X 6.5-8 mm.,
black; 2n = 22.

Distribution. China, from Liaoning Province in the northeast, south-

westward through the central provinces to Yunnan; also cultivated in

gardens. Although reported by Chun (1940) from Kweichow and Kwang-
si, the specimens actually represent Koelreuteria bipinnata.

Flowering mid-June to mid-August; fruiting August and September.
Mature capsules with seeds may persist on the tree well into winter and
even to the next flowering season. Various habitats have been recorded:

river courses, open forest areas, rocky mountain slopes, and valleys mainly
in well-drained soils from near sea level to 300 m.

Representative specimens. China. Anhwei: Chuchow [33. 19N, 118. 18E],
TsH 529 (uc). Chekiang: locality undesignated, Barchet s.n. (mo). Honan:
near Hou-tien [33.18N. 112. 2SE]. 2500 ft., F. N. Meyer 1855 (na) ; Im Kreise

Teng fong. 530 m. [34.2 7N, 113.02E], Schmdler 131 (a, bm, e, g. k. w). Ho-
peh: Tientsin [39.08N, 117.12E]. Clemens s.n. (e) ; Changli [39.44N.

119. 13E], Clemens 6237 (e) ; Hsiaowutaishan [39.57N, 114.59E]. Fan Me-
morial Institute 61773 (a); Men-Tau-Kou [39.56N, 116.02E], T. F. King 175
(ny, s); Paita, Licent 9652 (w) ; Tschili, Duang hu dien. Limpricht 2969
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(K, s); western tombs. 200 m.. Liu 478 (a, k)
;
Jehol (Chensteh^ [40.48X.

11S.06E], Nakai, Honda. & Kitagawa s.n. (xi)
;
Hsiang Shan, Sheelian 239 (ny).

Hupeh: Huan-tou-san [31.1 5X. 114.15E]. Hugh sm. Cb.m). K.xxsf: Lanchou

r36.03X, 103.41 El. Piasetski s.n. Cle); eastern Kansu, anno 1885. Potanin s.n.

(le); Pai-shuiho, Kuangting, Potanin s.n. (le^ banks of Chulungapu-Xvipa,
lower Tebbu country 134.23X, 103.01E1. Rock 14994 (a); dry slopes of Xyi-

baku. lower Tebbu country, 7.500 ft. (34.'23X. 103.01E], Rock 14796 (.\. e. k.

p, uc, w); Peshwekian gorge, lower Tebbu country. 6800 ft. [32.48X, 105.07E].

Rock 14553 fA, c. LE. s. LS). KiAXGSU: near Xanking, Carles 557 ( e. ki;

Paohwashan, Chem^ 4500 (v)\ Chuyong, Liiig 2179 (uc'i: Ming tomb.-, near

Xankine. F. .V. Mever 1450 (a, x\V: Hwang San Yu. Ren & Tao (lc); Mao
Shan. Tan Yang |32.0X. U9.35EJ. Tso 1793. 1S14 i.\). Liaoxixg: Manchuria,

Fu-shun rShen-yangi [41. "OX. 123.26E1. Yamatsuta 1006 (tns). Pekixg

seAt & Morse 5585 (a. xy. p. us): Prince Park. Peking, Liuo 7119 (k)\ on city

wall, Peking. F. X. Meyer 1013 (k. mbg. xa. x\, p, ti). Shaxsi: Mien Shan

r36.49X, 112.02E], Chancy 1041 Txy, tcI ; ITwo shan (mts.) [36.40X. 112.05EJ,

Kabanov s.n. (t.e); east of Changchiagou, Wenshui |37.25X, 112.01E]. Kang
150 (c.ii); Tchangkiatchoang. Tchely S.E.. Licent 82 [\A: Tsinn choei s"hien

[36.45X, 112.41E], Licent 1464 Crm, p): Chin Yuan, near Hsu Chio-Chuan

[36.29X. 112.20E]. Lmg 1621 (a. uc, us); Shueiyu [3Q.14X, 113.14E1, Sand-

berg 163 (s); Hsia-h.sien, Pei-shui-ko and Yiian-chu Dist . Ssii-chiao-ho. 000

m. [35.05X, 111.24E], //. Smith 6103 (.\. s). Shaxtt-ng: Meng Shan, Fei

Hsien [35.16X, 117.57E1. Chco & Yen 246 (.\. bm. g, p. w); T.sinanfu-Lung

Tung, 300 m.. Chiao 3086 ( \. b. c. e. g. k. le. xy, uc. us); Po-shan r36.29X.

117.50FJ, Kao 529 (.\): Fangtse fWeihien*. Royal Fore.st Station 328 (n).

m.. Fenzel 68 (w) ; Tsinling-shan ccntr. inter Mei et Liupa [ 33. 40X. 10f).55E[,

Fenzel 658 (w); Xingshenhsicn. 1150 m.. Kung 3073 (pe). S^echuax : Wei

Kuan [31.29X, 103.16EJ, Bock & Rosthorn 2523 (A); near Hua Xin Pink, Han
Yuen Hsien [29.2 IX. 102.43E], 2100 m.. Chiao 1876 (.\): Litang \ alley. Mu-
li Dist. [28.20X, 100.48E1. 10000-1 1000 ft. alt.. Forre.st 213.M) ( \. e. k. p. w.

us) : supra vicum Hclugo in ronvalh' t1umini< Yalung ad scptentriones oppidi

Yen-yiJen infra ca..teilum Kwapi [27.30X. 101.40E1. 2i2S m.. Handel-Mazzetti

2467 (.\. w): River Valley of Fu pien [31.18X, 102.27E1. Potanin s.n. fLE);

near Tachienlu (Ta-tsien-lou ) [3O.03X, 102.02E]. Pratt 138 ('bm. dub. e, g. gh.

K, le. p, US); mts. between Litang & Shou-Chu rivers. 3180 m.. Rock 16904 i.\.

Mon-kongTAii; Li-fai1 Hsien r31.32X . 103.19E1. 3000 m.. (
^. Wani^ 21 f^08 (A);

Tin-. E. H ison '78 (A XA. photos ) : Fci-vuel rung Ri

Wilson 277 Ca XA. photos ) ; northeast of Tachi cn-lu. drv \•aliey> m

change. E. H. ] Vilson 2370 Ca. us; 2J70fi lectotvf >e of A'. <//>/,culata )

Yen Ching n r25.54X. 98.58E1. Forrest 300. .-, (Li; Mill i. Keh>\

]05.22E1.^ : Muli. near Lama^erx

UXDESIGX Vted: X. central China. Mt. Miao-uan- -.an, Hugh ,s.;/. (ini

tral China. Mt . Theu-kio-t5;uen. Hu^h s.n. (inn; X. central China. >

san. Hugh (BM): Kyo:v-okuwan-Sanho. Togas/// 741 (TX<;). Japan

ized). Ho>.-sm.-. AOMORI I>REF.: Hirosaki. Knas.'ii 453 (KY( ),); FuK

Prov. Echizen, Ayukaya, Kunimimura. Xvu-gur1. Tashiro s.Ji. (tx

Takahama-,:ho, Ooi-gun,A'. ^•ashima 15037 (xxs)

;

Iwayama-hill, Taka
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Prov. Wakasa, Hori s.n. (kyo); Takahama, Prov. Wakasa, T. Nakai 1052

(kyo) ; Shiroyama in Takahama-cho, Prov. Wakasa, Ikenokochi, Togo-mura,

Tsuruga-gun, Tasliiro s.n. (kyo). Hyogo Pref. : Kasumi-cho. Kinosaki-gun,

J. Araki s.n. (kyo); Kasumi-cho, Kinosaki-gun, Hosomi s.n. (kyo). Ishikawa

Pref.: Ayukawa, Kunimi-mura, Niu-gun, Tasliiro s.n. (kyo); Prov. Noto, Togi,

Kitamura s.n. (kyo). Iwate Pref.: cotes de Kessenuma, Fanrie 6082 (g, p);

Tsubaki-jima, Shizugawa-wan, Prov. Rikuzen, Suzuki s.7i. (tns). Miyagi Pref. :

Prov. Rikuzen, Motoyoshigun, Iwaisaki, Sohma & Ohashi 127 (ti). Nagano
Pref.: Prov. Shinano, Mt. Hiuchi, Sakurai s.n. (a). Korea (naturalized). An-

myun-Do, Choong-Nam [36.30N, 126.22E], Cho s.n. (kfi); Ouen san [38.2 IN,

127. 55E], Faurie 64 (a, bm, kyo, le, p, w); Deukjog Island [37.15N, 126.35E],

T. B. Lee s.n. (snu); Daebu Island [37.15N, 126.35E], T. B. Lee s.n. (snu);

Riverside, Suwon [37.16N, 127.01E], Lee, Park, & Cho 3251 (snu); Anmin
Island, Lee & Cho s.n. (snu); Sorai Beach, Whanghai Prov., Mrs. R. K. Smith

s.n. (a, us); Koko, Prov. North Kesho [36.05N, 129. 22E], E. H. Wilson 8487

(A).

Cultivated. Africa: Tunisia. Jardin Mopitant, Cuenod s.n. (g). Asia: China.

Summer palace grounds, Peking, Armacost 95 (ny); Peking-Seityokuon Engeisi-

kenzyo, Togashi 2418 (tns). Hong Kong. Hort. Bot. & Forestry Dept. 5923

(k). India, New Forest, Dehra Dun, Raizada 2080 (e); Mangalor, Terr. Cana-

ra, Hohenacker s.n. (p). Israel. Jerusalem, Linder s.n. (s). Japan. Hirosaki,

Aomori Pref., Faurie 3452 (kyo, p) ; Tokyo, Goto s.n. (tai) ; Prov. Chikuzen.

Rukuoka Pref., Tokko Temple, Kyushu, Kanisi s.n. (tai)
; Prov. Yamoto, Mat-

suyama-cho, Uda-gun, Koidzumi s.n. (kyo); Morinoyakuen, Uda-gun, Nara

Pref., Koidzumi s.n. (kyo); Asakawa, Prov. Musashi, Tokyo Pref., Kunosato
s.n. (tai); Yokohama, 28-VII-1862, Maximowicz s.n. (le)

;
temple Matsumoto-

Toko-ji, Nikai, s.n. (tns); Tanigawa, Prov. Kodzuki; Pref. Gumma, Ouoma s.n.

(na, s); ad ripam fluvii Matsia Gawa prope pagum Saija, Pierot 569 (l, p);

Hida, Honshu, Shio 7215 (a); Omura, Prov. Hizen, Kyushu, Tashiro s.n. (kyo);

Prov. Sagami, Todzuka, Togashi s.n. (tns); Oohara, Kyoto, Tuyama s.n. (tns);

Yokohama Nursery Co. (e). Korea. Botanical garden, Ewaha Woman's Univer-

sity, T. B. Lee s.n. (seu). Lebanon. Cam Liman, Hebeli. Post s.n. (g). Turkey.

Boulevard facing Jardin Municipal, Constantinople, Aznavour 527 (g) ;
Goksu-

Tal prope viam, Wimmer 25 (w). U.S.S.R. Aschabad [37.30N, 57.30E], Borti-

miUler 511 (k, p, w). Australia. Ross Street, O'Conner, Canberra, Darbyshire
580 (k). Europe: Austria. Chemischen Institut in der W^ahringerstrasse, Zerny

s.n. (w); Schonbrun (w) ; Hort. Bot. Yind., 27 June 1806, hb. Mertens (le);

Landeskreuanstalt "am Steinhof," Korb s.n. (w). Belgium. Bot. Have, Brux-

elles, Lange s.n. (c). Bulgaria. Deoushlea, Petersen s.n. (c). Cyprus. Dept.

of Agriculture, Nicosia, Lyenzamides 1308 (k). Czechoslovakia. Silesia, Opp.

Opava in horto pagi Novy Dvur, Elblova s.n. (a); Moravia, Brijnn, MiiUer

s.n. (g, ny, s). England. Hort. Bot. Cambridge (a); Beaufort (Sussex), Elwes

(dbn); between Gloucester Road and Earls Court, London, Gerrans s.n. (bm);

Hampshire, Horder s.n. (e) ; Hort. Kew, Alton s.n. (g) ; Chelsea Physic Garden.

F. G. Meyer 13962 (na); Bromley, Kent, anno 1780, Norman s.n. (bm); Wake-
hurst Place, Ardingly, Sussex, Wakehurst 629 (k); Cherkley Court, Surrey,

Jackson s.n. (bm). France. So. France, Ellis s.n. (a); Arnas (Rhone), Gandoger
333 (le, mo); locality undesignated, anno 1786, Lamarck s.n. (p-la; na, photo);

Hort. Cels, L'Heritier s.n. (g-dc); Arboretum segrezianum, Siene-et-Oise. Se-

grez, Nicholson s.n. (e, k); Hort. Vilmorin, Verrieres, Vilmorin s.n. (a); Hort.

Montpellier, anno 1807 (le); Hort. Paris, anno 1792, Ventetiat s.n. (p-Ju;
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NA, photo); Jardin des Plantes, Paris, anno 1813. 1901, 1904, 1925 (p); Hort.

Bot. Strasbourg, Schneider s.n. (a). Germany. Breslau, Konigl. Hot. Gart.,

Baejiitz 1399 (a, dbn, e, gh, l, ph, s, wag); Hort. Saltz-wedel, Frankfurt a/m,
anno 1826, Engelmami s.n. (mo); Hort. Bot. Berol., anno 1906, Hulphers s.n.

(s); Hort. Bot. Erlangensis, Kaidfuss s.n. (a); Hort. Bot. Stuttgart, Mohr s.n.

(us); in gardens, Zweibrucken, Mohr s.n. (us); Darmstadt, Purpits s.n. (a);

Schloss Heidelberg, Springer s.n. (wag); George-born bij Schlangebeck, Surin-

gar s.n. (wag). Greece. Peloponnesus, Achaia, prope pagum "Kalavryta,"

Bornmuller 349 (a, s). Ireland. Birr Castle, Co. Offaly, Earl of Rosse s.n. (na);

Donard House, Mrs. Heighington's Garden (dbx). Italy. Villa Taranto, Pallanza,

McEacharn s.n. (bm); Hort. Bot. Florence, anno 1814 (s). Netherlands. Hort.

Bot. Amsterdam, Springer s.n. (wag); Bot. Gard. Cantonspark, Mennega s.n.

(e)
;
town garden, Haarlem, Springer s.n. (wag) ; Helsdorf . park Graf von Spee,

Siiringar s.n. (wag); Rengerspark, Leeuwarden, Hoogland 434 (l); Leiden, Ge-

meentekwekerij, Hattum s.n. (l); arboretum 'De Dreijen,' Wageningen, Bniijn

2142, 2143, 2159, 2160, 2166 (na). Portugal. Jardim do Ultramar, Lisboa, Reis

s.n. (k). Spain. Gerone, Figueras, Augustin 5113 (g, w); Hort. Bot. Valencia,

anno 1852, Bourgeau s.n. (p). Turkey. Birge garden Rumel Hissar, Post s.n.

(g). U.S.S.R. Tbilisi, anno 1894, 0. A. & B. A. Fedtschenko s.n. (le); Hort.

Bot. Petrop., anno 1771, Laxmann s.n. (linn, lectotype; photo at na) ; Hort. Bot.

Nikita, Yalta, anno 1837, Trautvetter s.n. (le). North America: U.S.A. Ar-

kansas: Hot Springs, Everett s.n. (mo). California: Willits, Mendocino Co.,

Bacigalupi 9115 (uc); Lakeport, Bonar s.n. (a, uc); lower Orpet Park, Santa

Barbara, Broder 1246 (na); Jackson, Amador Co., Clemens s.n. (cas); Elysian

Park, Los Angeles, Hall 7992 (uc); Univ. California campus, Davis, Hansen

s.n. (uc) ; Los Angeles State & Co. Arboretum, Jativa 2269 (na)
;
Univ. Califor-

nia Bot. Gard., Berkeley, Kruckeberg s.n. (ny) ; capitol grounds, Sacramento,

McClintock & Leiser s.n. (cas)
;
garden Merritt Island, 3.5 mi. so. Clarksburg,

Yolo Co., Quick 6818 (cas)
; U. S. Exp. Stat., Chico, Rixford s.n. (cas)

; Santa

Clara, Robinson s.n. (uc); Dorothy Twisselmann Ranch, e. San Luis Obispo

Co., Twisselmann 13704 (cas); San Bernardino, H. A. Walker 3900 (us); Gold-

en Gate Park, Walther s.n. (cas)
; C. Menzies' place. Mill Valley, Walther 81

(a, cas); Huntington Bot. Gard., Walther 104 (a); Bel-air, Beverly Hills,

Walther 43 (cas). Connecticut; New Haven, Eaton s.n. (gh). Delaware:
Wm. P. Bancroft's garden near Wilmington, anno 1878, Canby s.n. (ny) ; Mt.

Cuba Bot. Park, Greenville, Kelsey 145 (a, k, na); Rehoboth Ave., Rehoboth

Beach, McVaugh 6592 (gh, na, ny). District of Columbia: Capitol Grounds,

Lyon s.n. (CAS); grounds. Department of Agriculture, Sudworth s.n. (us); Mon-
ument Grounds, Van Eseltine s.n. (na); St. Elizabeth Hospital Grounds, E. H.

Walker 751 (na); U. S. National Arboretum, P. I. 21973 (na), P. I. 130117

(cas, na, uc). Georgia: so. side Coop. Ext. Bldg., Univ. Georgia, Athens,

Clarke Co., Meyer & Mazzeo 14415 (na). Indiana: roadside 3 mi. so. New
Harmony, Posey Co., Hermann 6132V> (na) ; Sigma Nu lawn, Greencastle,

Putnam Co., Welch 6906 (gh, mo). Kansas: Emporia, Agreliiis s.n. (mo).

Kentucky; Calvert City, Marshall Co., Eggleston 4842 (ny). Louisiana:

Hodges Gardens, Many, Sabine Parish, Meyer & Mazzeo 11797 (na). Mary-

land: Corner East-West Highway and Jones Mill Rd., Bethesda, Montgomery

Co., F. G. Meyer 12570 (na). Massachusetts; Arnold Arboretum, Jamaica

Plain, 21980-A (a, c, cas, k, mo, na); Manning Garden, North Salem, Morse

s.n. (a); Hort. Brookline,' Sargent s.n. (a); President Clark's place, Amherst,

Stevens s.n. (us); Rockport, Wagenknecht & Howard s.n. (a). Mississippi:
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"Mistletoe," garden of S. H. Lambdin, Natchez, Adams Co., Meyer & Mazzeo
11688 (na). Missouri: Kansas City, Bnshnell s.n. (gh); Tower Grove Park,

St. Louis, Croat 8830, 8877 (mo); Univ. Missouri campus, Drushel 1983 (p);

Missouri Botanical Garden, Kellogg s.n. (cAs); Webster Groves, Lodewyks
s.n. (mo). Nevada: grounds of Lahonton Motel, Fernley, Lyon Co., Follett

s.n. (cAs). North Carolina: Biltmore, Buncombe Co., Biltmore 9624 (g, p,

s, uc, w); Winston-Salem, Schallert s.n. (w). New Jersey: institute grounds,

Freehold, Wood s.n. (nv)
;
Duke's Park, Somerville. Fisher s.n. (ph) ; New

Egypt, Grove 804 (ph). New Mexico: college farm, Mesilla Park, Standley

s.n. (us). New York : Ithaca, Bailey 602 (na) ; University Heights, New York
Univ. campus, Drushel 1923, 2838 (p) ; Riverside Park, New York City.

Archer s.n. (gh); New York Bot. Card., P. Wilson s.n. (ny). Ohio: Ohio State

Univ. campus, Cooke s.n. (a). Oklahoma: locality undesignated, Featherly

s.n. (mo). Pennsylvania: Longwood Gardens arboretum, Bates 71 (a, na);

Happel Garden, Monocacy, Berks Co., Brnmbach 6330 (a, na); trial plots at

Fordhook Farm, Doylestown, Dudley s.n. (a); Barnes Arboretum, Merion,

Fogg s.n. (cas); Bartram's garden, Philadelphia, Short s.n. (mo). Tennessee:
Agr. campus, Univ. Tennessee, Meyer & Mazzeo 12842 (na)

;
garden of Sam

Caldwell, Nashville, Davidson Co., Meyer & Mazzeo 13161 (na); Tennessee

Valley Nursery, Winchester, Franklin Co., Meyer & Mazzeo 13082 (na). Utah:
Brigham Young Univ. campus, Provo, Utah Co., Daines s.n. (a); Salt Lake
City, Lindsay s.n. (a). Virginia: Maymont Park, Richmond, Meyer & Mazzeo
14517 (na). Washington: Seattle, Schallert 489 (mo). Oceania: New Zealand.

Linwood Nursery, Christchurch, Sykes s.n. (na).

Both the genus and the type species, Koelreuteria paniculata, were based

on a cultivated plant without a type specimen being designated. In the

absence of a type, the plate, published with the protologue, would serve

adequately as the nomenclatural type, except for the fact that a specimen

does exist in the Linnean Herbarium in London. In 1771 Laxmann sent

a complete leaf to Linnaeus, most likely from the type tree, along with

a description of the tree, which he described in 1772 as Koelreuteria. The
sheet in the Linnean Herbarium, furthermore, bears an annotation by Lin-

naeus: "Chinensis arbuscula ex Horto Petropolitano Laxman." Since the

identification of the material is not in question, the specimen in the Lin-

nean Herbarium (514.5) serves as the nomenclatural type (lectotype) of

K. paniculata Laxmann, which in turn is the type species of the genus.

The name Koelreuteria paullinioides of L'Heritier, dating from 1789, is

clearly a substitute name for K. paniculata, of 1772. However, the ac-

companying figure, published in 1792, is something of a puzzle. The ci-

tation of both the name and plate number in the protologue, e.g. K. paul-

linioides, tab. 19 (L'Heritier, 1788), seems clear enough, yet the name
K. paniculata appears on the plate and not K. paullinioides. Whether this

mistake was intentional or an oversight will probably never be known.
The drawing in question was executed by Redoute during his visit to Kew
Gardens in 1786 and was probably completed, with the name K. paniculata
fixed to the plate, before L'Heritier had proposed the substitute name.
The wrong name on the plate, more than likely, was an oversight not

caught by L'Heritier before the plate went to press. Of interest in the
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whole matter is a letter from L'Heritier to Dryander, dated September 1,

1788, which provides some revealing evidence for the change in name
from K. paniculata to K. paullinioides (Stafleu, 1963). In his letter

L'Heritier wrote that "with regard to those [names] published only in

dissertations or academic memoirs, I think that one can change them with-

out difficulty, not for the pleasure of changing, but only if one has the

opportunity of giving a better one. Take for instance Koelreuteria . . .

the trivial name seems to me to be the one which compares the genus with

the nearest allied genus." in this case Paullinia.

Rehder and Wilson described Koelreuteria apkulata (1914) as being

"readily distinguished by its often simply pinnate leaves, much broader

less coarsely incised leaflets with less acute teeth, by its ovate or oblong-

ovate, acute sepals, its smaller petals and chiefly by its sharply pointed

fruit with acute or acuminate valves." However, there is nothing constant

in these characters to distinguish Rehder and Wilson's plant from K.

paniculata itself.

By some authors, Koelreuteria paniculata was thought to be indigenous

to Korea and Japan, but no evidence exists to support this view. How-
ever, the tree has become naturalized in both areas as a result of earlier

introductions from China. The plant was not listed by Nakai (1909-

1911; 1915-1936) or by Trollope (1918-1920) among the indigenous

trees of Korea. Both Wildemann (1903) and Matsumura (1912) be-

lieved the plant was not indigenous to Japan, and Ohwi (1965) indi-

cated that it is "often naturalized near seashores and sometimes planted

around temples." Blume (1849) was even more definite (from the Latin)

:

"Habitat: In China, whence, on the authority of the Encyclopedia Japon-

ica, it was first brought to Japan from a monastery in the Thien tai

province of Tschekiang by a wandering monk, in the year 1220, and

planted in the garden of a monastery in the city of Mijako [Kyoto]."

Dr. Hiroo Kanai of the National Science Museum in Tokyo (pers. comm.)

strongly supports the view that K. paniculata was introduced to Japan
from China and was planted around Buddhist monasteries, perhaps in

the years following the introduction of Buddhism into Japan in A.D. 552.

Now K. paniculata is widely naturalized in various parts of Japan, par-

ticularly on the Japan seaside of Honshu.

Koelreuteria paniculata is easily distinguished from the other two species

of the genus by its predominantly pinnate leaves (although bipinnate

leaves may sometimes occur), by its coarsely crenate-serrate to pinnati-

sect and lobulate leaflets only slightly unequal at the base, and by its

capsules, which are conoidal in shape.

Vernacular names. China: Wu-La (Hopeh); Luan Shu, Luan tree;

Mu Luan, woody Luan; Hei Se Yeh Shu, black leaf tree; Wu Yeh Kao,

black leaf plaster (Hopeh); Cha Yeh Chu (Peking). In the United

States the names goldenrain-tree, pride-of-India, China-tree, and varnish-

tree have been used, although the name goldenrain-tree is the most com-
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Uses. Chow (1934) wrote that Koelreuteria pankulata is ''widely cul-

tivated around temples, palaces, gardens, and residences in Peiping.

This tree is a very widespread and widely cultivated species in China,

as the tombs of officials were usually surrounded by trees of this species

in former times. Preferring to grow in dry, sandy plains and valleys.

The wood is hard and heavy, close-grained, fine in texture, may be used

for making furniture, interior finish, and for fuel. etc. A black dye may

be obtained from its leaves and a yellow dye also from its yellow flowers."

Blume (1849) indicated that in China the seeds are used in religious

rites in place of rose petals, for which reason this tree is considered most

According to Chen (1957), K. pankulata is also used for medicine,

and "the leaves can be used for a blue dye. Among the seeds sold to

dyers' shops are the pea-shaped black seeds which can be used as a rosary.

According to the Book of Rites, what should be planted on the graveyard

of an emperor is sung (pine tree), that of a feudal prince is po (the cedar),

of a high minister is luan (Koelreuteria paniculata), of an official is huai

(Sophora japonica), and a commoner is the liu (willow)." Other uses in

China include the use of oil from the seeds as a lubricant and as a soap.

In Japan, Koelreuteria paniculata has only one recorded use, the seeds as

religious beads, and only one currently used vernacular name, Mokugenji
or Mokugenzju (fide Miquel, 1867). The name Sendan-bano-bodai-ju,

recorded by Blume (1849), appears to be no longer in use.

Gardens. According to Laxmann (1772), Koelreuteria paniculata had
been grown in St. Petersburg for about 20 years prior to 1771, fixing the

date of introduction at about 1750.

In England, W. Aiton (1789) recorded that Koelreuteria paniculata

was first grown by George William Coventry, the 6th Earl, in 1763, al-

though the record is without further documentation. One surmises that

the seeds may have been obtained from Jussieu in Paris, either directly

or possibly through sources at the Royal Gardens at Kew, since K.
paniculata was, in fact, in cultivation at Kew in 1788 (linn, coll. J. E.

Smith). An even earlier specimen dates from 1780, collected by a Mr.
Norman of Bromley, Kent (bm).

In France, Koelreuteria paniculata was cultivated probably as early as

in England, since Bernard de Jussieu received seeds from DTncarville
around 1750 (D'Incarville died in 1757). The earliest documented speci-

men from France dates from 1786, collected by J. B. Lamarck (p-la).
In Germany, Koelreuteria paniculata was grown as early as 1796 ac-

cording to Willdenow (1796).
In the United States, the earliest known introduction dates from 1809

by Thomas Jefferson, who received seeds from Madame de Tesse (for

details see Betts, 1944, pp. 387 & 454).
Whether Jefferson's seedling grew to maturity is unknown; however,

we know that Koelreuteria paniculata almost certainly became established
in Philadelphia after 1809, since a Col. Robert Carr of Philadelphia sent
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a. Koelreuteria paniculata Laxm. cv. Fastigiata Kriissmann, Hand.
Laubgeholze. 43. 1960; Hillier's Man. Trees & Shrubs. 1972;

Bean, Trees & Shrubs (ed. 8) 2: 508. 1973. Clonotype: not seen.

Koelreuteria paniculata var. fastigiata Bean in Kew Bull. Misc. Inf. 4: 101.

1929; Rehder, Man. (ed. 2) 592. 1940. A clonotype specimen was not

Koelreuteria paniculata f. fastigiata (Bean) Rehder, Bibl. 434. 1949.

Specimens examined. Trompenburg Arl

F. G. Meyer 6516 (na); U. S. National Arl

This cultivar originated as a chance seedling at the Royal Botanic

Gardens, Kew, from seeds sent to a Miss Corner, of The Grove, Hammer-
smith, England, in April, 1888 (Bean, 1929). Bean (1973) indicates

that the mother tree still survives near the Ruined Arch at Kew. The
plant is rare in botanical gardens and is only

lb. Koelreuteria paniculata Laxm. cv. September McDaniel & March
in Am. Hort. Mag. 46(2): 95. 96. 1967. Clonotype: campus of

Indiana University. Bloomington, Indiana, August 27, 1970, Meyer

& Terrell 12459 (na).

A selection of the species which flowers at the end of August and in early

September in Indiana and Washington, D. C. Normally, flowering of

Koelreuteria paniculata occurs from mid-June to early July, although a

tendency for later flowering is a knovm manifestation of seedling variants

in cultivation.

Dr. J. C. McDaniel. of the Horticulture Department at the University

of Illinois at Urbana, discovered a group of three goldenrain-trees on the

university campus at Bloomington, two of which were in full flower on

August 25, 1958. Later one of the trees received the name cv. September,

after it had been determined that the late flowering trait was normal and

consistent for the parent plant. Seedlings raised from the mother plant

also tend to maintain the late flowering habit.

An unnamed variant of Koelreuteria paniculata with white variegated

leaves was collected in England in 1885 (k).

2. Koelreuteria bipinnata Franchet in Bull. Soc. Bot. France 33:

463, pis. 29, 30. 1886; Sarg. in Card. & Forest 1: 376, 377. 1888;
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bipinmta: habit, leaves {Dela
s.n., 29 Oct. 1971, cultivated),

:

; Sept.

Franchet in PI. Delavayanae 2: 143. pis. 29, 30. 1889; Smith in
Forbes & Hemsley, Jour. Linn. Soc. Bot. 36: 487. 1904; Elwes &
Henry, Trees Gr. Brit. & Ireland 7: 1931. 1913; Radlk. in Engler,
Pflanzenr. IV. 165: 1332. 1933. Lectotype: Delavay mOa (p)
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flowers. Collected July 26, 1885. It is necessary to select a lectotype

specimen to separate flowering and fruiting specimens, collected on
different dates and originally assigned the same number, Delavay
1870. Figures 1, 4, 5, 10-12.

Koelreuteria integrifoliola Merr. in Philipp. Jour. Sci. 21: 500. 1922; Radlk.
in Engler, Pflanzenr. IV. 165: 1334. 1933. Holotype: (McClure) Canton
Christian College 7060 (a); isotypes (ny, uc, us).

Koelreuteria bipinriata var. puberula Chun in Acta Phytotax. Sinica 3: 408.

1955. Holotype: C/mtg 7668 (Herb. Biol. Lab. Sci. Soc. China, Nanking,
not seen); isotypes (a (two sheets), ny, uc, us).

Tree to ca. 20 m. in height and to ca. 60 cm. in diameter; lenticels round
to lens-shaped, pustulate, corky, cinnamon-brown; twigs glabrous to uni-

formly puberulent. Leaves spreading, bipinnate, 27-30 cm. long, 23-40
cm. wide; rachis with a line of short hairs on the upper side or glabrous;

leaflets (3-)8-10(-12) on the major leaf divisions, weakly oblique, dull

dark green with rather prominent impressed veins above, cuneate to

rounded at base, narrowly ovate to narrowly elliptic, 7.8-14.1 cm. long,

2.1-5.1 cm. wide, entire or uniformly serrate except at base, acute to

short-acuminate, the terminal leaflet sometimes narrowly obovate, as large

as or larger than the others, short-puberulent on the midvein above, the

hairs beneath longer and in tufts, sometimes mixed with crispate hairs

and glands, rarely glabrous, sessile or with petiolules to 3 mm. long. In-

florescence 35-70 cm. long, 20-40 cm. wide, densely puberulent, some-

times glandular; pedicels l-2i mm. long with scattered hairs; calyx lobes

ovate, obtuse, to more or less deltoid and acute, fimbriate-glandular,

otherwise glabrous or with scattered hairs on the outer face; petals 4 (the

5th petal often rudimentary), limb 5.5-9.5 mm. long, 1.5-3 mm. wide,

obtuse or sometimes acute, appendages often deeply lobulate-undulate,

claw 1-1) mm. long, up to twice as long as the calyx lobes, densely villous

mainly on margins and at base; stamens long-exserted, with scattered

long straight hairs, especially in the lower half, anthers gray to blackish.

Capsules ellipsoidal, the valves elliptic to rotund (placenta continuous

and nonwinged), 3.7-6.6 cm. long, 3-5 cm. wide, inner side somewhat

lustrous, reticulate-veined on outer side, rose-purple whfle young, with

scattered hairs on middle of valves, brownish at maturity; styles 3-4.5 (-6)

mm. long; seeds nearly spherical, 5.5-6 mm. X 5.5-7.5 mm., dark

Distribution. China: Anhwei, Chekiang, Hunan, Hupeh, Kiangsi,

Kiangsu, Kwangsi, Kwangtung, Kweichow, Szechuan, and Yunnan; also

cultivated in gardens.

Flowering ranges from July 10 to August 28 (September 30 recorded

on one specimen), with fruiting from the middle of August to October.

Cultivated plants usually flower in late August and September and fruit

in October and November. Various habitats have been recorded: open

fields, hillside forests, light woods, thickets, and roadsides, from altitudes

of 250 m. to 2600 m.
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Representative specimens. China. Anhwei: Wu Yuen [29.17N, 117. 54E],

Ling 7871 (uc). Chekiang: Ningpo Hills, Barchet s.n. (us); Hangchow

[30.15N, 120.10E], Ching 2604 (a), 3768 (uc) ; Tien moo shan [30.15N,

120.07E], Ching 5199 (a); Ningpo, Faber 54 (a, k, le, ny, p) ; West Lake, F. L.

Keng 1200 (a, uc); near Linhota. Hangchow, Migo s.n. (a). Honan : Chi-

Kung Mt. [31.51N, 114.07E]. Li. Chang, & Ni 161 (pe). Hunan: Ch'ien-

Yang Hsien. Hsueh-Feng Mt. [27.36N, 110.50E], An-Chiang Agricultural

X
'\%

/-JwM.
/ T

Koelreuteria paniculata (circles)



1976] MEYER, KOELREUTERIA 153

School, 9 Sept. 1953 (pe)
;
inter vicos Gauschasse et Lududsai distr. Wukan et

Pautjing, Handel-Mazzetti 12552 (a, w); Heng-Shan Hsien, Nan-Yo [27.15N,
112.44E], 0783 Hunan Team (pe). Hupeh : Chienshih Hsien [30.37N, 109.38E],

Chow 1538 (a, e, ny)
; Nang Yang Ho [30.32N, 116.04E], Chun 3865, 3868 (a),

4210 (e); W. Hupeh, E. H. Wilson 1609 (a, dbn, e, le, ny, p, us, w). Kiangsi:
Che-yi-shuan, Kwang-kan shan Mt., Hsiung 06409 (a). Kiangsu: Purple Mt.,

Chiao 342 (uc) ; Kai-wei monastery, V. I-Shing, U. Keng 2615 (a) ; Shan-Chien
monastery, V. I-Shing [31.22N, 119. 50E], H. Keng 2536 (a). Kwangsi: Bako
Shan, w. Po-Seh Hsien [23.54N, 106.37E], Gwig 7668 (a, ny, uc, us); Ching-

Hsien, An-Teh village, Ko 55806 (a) ; Ching Sai, rd. to Piao-Lin village [23.08N,

106.25E], Ko 55523 (a); Ling Wun Dist., Lan 28685 (a); Ta-chiang-yuan

village & vicinity, Chin-kang-shan, Kwei-lin Dist. [25.17N, 110.17E], Tsang

28321 (a, na, uc, us); Nan-Tan Hsien, Wang Chang [24.58N, 107.33E],

Wajig 40962 (a). Kwangtung: Lo-Fou Mt.. Hua-Shou T'ai [23.54N, 113. S4E],

(N. C. Chen) Academia Sinica 41678 (pe) ; Ying Tak Dist., Fringer Pt. Temple

[24.10N, 113. 24E], Levme 3484 (a, na) ;
Shuikwaan, on river banks near the

monastery at low altitudes, (McClure) Canton Christian College 7060 (a, ny,

uc, us); Yam No Mt., Mui Uen Dist.. Shang 74 (a, na). Kweichow: Pin-fa

[26.04N, 107.03E], Cavalerie 197, 3190 (bish, e, g, na, p); Man cu Cho,

Schock 405 (a, s, us); Szenan [27.56N, 108.14E], Steward, Chiao, & Cheo 345

(a, bm, le, ny, p, s, w); Swan-liu, Teng 90749 (a); Sanhoa, Yao-ren-shan

[25.59N, 107. 52E], 400 m., Tsiang 6237 (a, ny), 6367 (pe, ny) ;
Tuhshan

[25.SON, 107.32E], 400 m., Tsiang 6606 (ny, pe), 6747 (ny); Pingchow

[2S.50N, 107.19E], Tsiang 7097 (ny); Kweiyang [26.35N, 106.43E], Tsiang

8490 (ny); Siuwen [26.51N, 106.35E], Tsiang 8701 (ny). Szechuan: Kuan-

hsien [31.00N, 103.37E], Ckien 5368 (e, uc); Pehchuan Hsien (Sihchuan),

Fang 5566 (a, e, na, p). Yunnan : in silva Ta-long-tan. supra Tapin-tze, Dela-

vay 1870a (p, lectotype) ; Ta-long-tan, 21 July 1886, Delavay s.n. (bm, c, e,

G, p). Ibid., 13 Sept. 1887, Delavay s.n. (bm, e, g, le, ny, p); Lao-kouy-

chan, pres My-le [24.37N, 103.34E], Ducloux 3995 (p) ;
Wen-shan-hsien, Shii-

guu [23.44N, 104.14E], Fe7ig 11387 (a); Si-chour-hsien, Hsin-Cheih [23.27N,

104.40E], Feng 12611 (a); mts. to no. of Mengtsze [23.20^, 103.21E], 7000

ft., Henry 9099 (a); Hsi-ling-ten village, 5500 ft., Mengtsze, Henry 9103 (a,

e, ke, mo, ny, s, us); Pat-ching [22. 50N, 100.24E], McLaren 215 (c. e); forets

de San-kia, 2600 m., Maire s.n. (p); Hay-y pres Lou lan [22.54N, 102.03E],

Ngueou 673 (e); env. de Ou-se-tchong, Sen 3025 (bm, p); Mao Xieou chan. via

Pien kio ad ta pen tse [26.16N, 101.04E], Ten 288 (a. e).

Cultivated. Africa: Egypt. Barrage Medicinal Garden, Ibrahim & Mahdi

152 (cai, na); Agricultural Museum Garden, Dokki. Giza. Mahdi s.n. (cm,

na); Plant Island, Assuan, Mahdi 58 (cai. na); Zoological Garden, Giza,

Mahdi s.n. (cai, na); Orman Garden, Giza, Mahdi s.n. (cai, na); Faculty of

Agriculture, Giza, Hadidy s.n. (cai, na); Alfred Bircher's garden. El Saff.

Tdckholm & Elsayed s.n. (cai, na). Asia: China. Szechuan: Kiating, Tai

295 (a). Japan. Government Forest Exp. Station. Asakawa, Pref. Tokyo,

Hayashi s.n. (tns); Kyoto, Takeda Herbal Garden, Takahashi 286 (na). Eu-

rope: England. Temperate house. Royal Botanic Gardens. Kew. Elwes & Henry

s.n. (dbn); Arboretum. Royal Botanic Gardens. Kew. anno 1912, Bean s.n. (k).

Ireland. Birr Castle, Co. Offaly, Earl of Rosse s.n. (na). North America: U.S.A.

California: 1616 Gillespie Street, Santa Barbara, Broder s.n. (na); Los An-

geles State & County Arboretum, Jativa 2264, 2266, 2268, 2270 (na)
;

resi-

dential planting, Montecito, Santa Barbara Co., McClintock s.n. (cas); Univ.
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85SO (a, na). Penn
(naV, F. D. Moore

Koelreuteria bipinnata, as the basionym and valid name for the species,

has been confused by botanists and horticulturists with K. integrijoliola,

a name first applied by E. D. Merrill for the "second representative of
the genus to be found in Kwangtung Province, rather strongly charac-
terized by its entire leaflets." However, as the present study has shown,
plants with entire leaflets are not entirely restricted to Kwangtung, but,

in fact, occur on a random basis and in varying degrees throughout the
known distribution of K. bipinnata. Sometimes both entire and serrate

leaflets may occur on the same branch, as in E. H. Wilson 1609 and
Tsang 28321, although more often herbarium specimens show material

with either entire or serrate leaflets, reflecting more the collector's choice

of material than the variation in a given plant. Furthermore, observations

by Dr. John M. Fogg, Jr. (pers. comm.) have shown that a plant labeled

K. integrijoliola at the Arboretum of the Barnes Foundation at first ap-

peared with entire leaflets but later, during the course of development,

produced leaves with serrate leaflets. This change seems to suggest an

expression of latent juvenility, since we know that seedlings of this plant

produce leaflets with strongly serrate margins. In any case, the name
K. integrijoliola is without a firm taxonomic base.

Koelreuteria bipinnata has also been confused with K. elegans from

Taiwan, although the two are clearly separable on discrete morphological

grounds (see Table 1).

Table 1. Characters distinguishing K. bipinnata from K. elegans.

Character K. bipinnata K. elegans

Leaflets weakly oblique, acute to

short-acuminate; dull

green above, veins ob-

usually strongly oblique,

sometimes caudate; smooth

and lustrous above, veins

vious, especially in living

plants

barely obvious in living

plants

Calyx lobes fimbriate-glandular ciliate-glandular

Petals 4. rarely 5 5or4

CAPS.LES valves 3.7-6.6 cm. long.

3-5 cm. wide

valves 3.4-5(-6) cm. long,

(2.5-)3.1-4.6cm.wide

Distribution southern China Taiwan and Fiji

Vernacular names. Feng-chui-kuo (Yunnan, fide Feng 12611)
\

Fu Yu Yeh Luan Shu, bipinnate leaf Luan tree; Hua Ch'iu Shu (Hunan);

P'ao Hua Shu Hsing-shan, bubble-flower tree (Hupeh); Un Tsing-pa'ko

(Kwangtung, fide Tsoong 1066); Shan Ts'o (Cantonese).
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Gardens. According to Riedel (1957), Koelreuteria bipinnata was in-

troduced into the United States in 1911 by Dr. Francesco Franceschi of

Santa Barbara, California. The species is now also grown in Florida, and

recently it was introduced to the mid-Atlantic region of the eastern United

States, where it appears to be completely hardy in Philadelphia and

Washington, D. C. It is also cultivated in China, Japan, and Egypt. Seeds

of K. bipinnata were sent to France by Delavay in 1887 from Yunnan;

however, the plant never became established in Europe, although it was

offered at least once in the trade by Simon-Louis, Cat. 44 (1908). Until

recently, the Earl of Rosse, who lives in Ireland, had the only living plant

of K. bipinnata known to exist in Europe.''*

Tree 7-25 m. in height, to ca. 50 cm. (2 m. recorded in Taiwan) in

diameter; lenticels round to lens-shaped, pustulate, corky, cinnamon-
brown; bark peeling in square plates, rough, somewhat corky, furrowed

lengthwise. Leaves bipinnate, the odd terminal leaflet absent or much
reduced, 25-60 cm. long, 15-44 cm. wide; rachis glabrous or short-hairy

on the more or less grooved upper side; leaflets 8-17 on the major leaf

divisions, strongly oblique, smooth and lustrous with barely manifest
veins above, lanceolate to narrowly ovate to elliptic, 5.5-9.2 (-10.2) cm.
long, L3-3 (-4.2) cm. wide, entire to irregularly crenate-serrate, long-

acuminate to caudate at the tip, glabrous or with scattered straight hairs

on the veins above and on petiolule, midvein beneath sparsely hairy with
tufts of hairs in the axils and often with glands interspersed on the mid-
vein and veinlets, sessile or with petiolules to ca. 3 mm. long. Inflores-

cence 30-50 cm. long, 20-25 cm. wide, densely puberulent and glandular,

especially at anthesis, less so in fruit; flowers mildly sweet-fragrant;
calyx lobes ciliate-glandular; pedicels scattered-puberulent or glabrous;
petals usually 5 or 4, rarely 6, limb 5.5-7 mm. long, 1.5-3.5 mm. wide,
acute or obtuse to rounded, appendages lobulate-undulate, claw 2-5 mm.
long, densely villous; stamens densely villous near base, 4.5-10.1 mm.
long. Capsules ellipsoidal, the valves rotund to suborbicular (placenta con-
tinuous and nonwinged), 3.4-5(-6) cm. long, (2.5-)3. 1-4.6 cm. wide,
inner side lustrous, reticulate-veined, scattered-pubescent when young, be-
coming glabrous, deep rose-purple while young, brownish at maturity;
styles (1.5-)2-6 mm. long; seeds pyriform to nearly spherical, 5.2-5.5
mm. m diameter, black, slightly rugose or smooth.

Distribution: Taiwan and Fiji.

Koelreuteria elegans manifests an interesting and puzzling distribution,
with one element in Taiwan and the other in Fiji, a discontinuity of
7200 km. without a known intermediate station. '
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;taminate flower showing whorl

E, Koelrciiteria elegans subsp

species of Koelreuteria on Fiji was first confirmed by Smith in 1942, on the

basis of recent collections, although sometime later, in 1952. Smith recog-

nized that Seemann had collected the plant as early as 1860 on Vanua
Levu. Already, Smith (1950) had presented convincing evidence that

from "the size and habitat of these trees one must suppose that they are

indigenous, although the record causes an extraordinary extension of the

known range of Koelreuteria, otherwise limited to eastern Asia and For-

mosa." Later, Smith (1955) listed Koelreuteria among 101 genera of

flowering plants found primarily in Indo-Malaysia and eastern Asia, with

distributions terminating in Fiji as the easternmost limit. Although Fiji

is rich in species endemics, represented by about 70 \

K. elegans is not one of them.

t of the flora,
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In spite of the wide geographic disparity, the two disjunct elements of

Koelreuteria elegans are closely related. In their general fades, they are

more alike than they are different, for although they differ consistently in

minor details of the flowers and leaves, they do not differ significantly as

to pollen morphology (see Dr. Nowicke's section on pollen morphology).

Taxonomically, these geographically disjunct elements are treated at the

subspecific level, a course which tends to emphasize their biologic affinities

more fully than if they were treated separately as species. Intensive field

study, no doubt, would help to clarify this point.

Leaflets entiire or sparsely serrate; petiolules 1-2.5 (-3) mm. long; petals

usually 4 oi 5, rarely 6, obtuse to rounded. 5 .5 mm.
wide, claw 2 .5-5 mm. long, up to twice as long a:5 the calyx lobes, densely vil-

lous; filaments 8-10.1 mm. long; styles 4.5-7.5 mm. long. Fiji

Leaflets often rather coarsely serrate; petiolule;. 4-5(-10)'mm"tngf'
''"'

petals

usually 5 o;r 4, acute, 6-7 mm. long, 1.5-2.5

long, slightly longer than the calyx lobes, sparsely villous; filament;3 4.5-6

mm. long; s tyles 3-4 (-5) mm. long. Taiwan. . 3b. subsp. Jomnosana.

MeUa{?) elegans Seem. Fl. Vit. 36. 1865. Holotype: Seemann 64 (k)
;

Koelreuteria elegans (Seem.) A. C. Sm. in Contr. U. S. Natl. Herb. 30: 518.

1952; Parham, PI. Fiji Islands 174. 1964.
Koelreuteria formosana sensu A. C. Sm. in Sargentia 1: 55. 1942; non Ha-

Leaflets 5.5-9.2 cm. long, 1.3-3 cm. wide, entire or sparsely serrate,
acuminate to caudate, rarely acute (supernumerary leaflets like those in

subsp. formosana absent); petiolules 1-2.5 (-3) mm. long; petals usually
4 or 5, rarely 6, obtuse to rounded, 5.5-7 mm. long, 2.7-3.5 mm. wide,
claw 2.5-5 mm. long, up to twice as long as the calyx lobes, densely villous;
filaments 8-10.1 mm. long; styles 4.5-7.5 mm. long.

Distribution. Fiji. Kno^vn to occur only on the two main islands of
X'anua Levu and Viti Levu, where it flowers from the end of March to
about the first of May. Fruiting occurs from the end of May to mid-July.

Various habitats have been recorded, including dry secondary forest
used as pasture, rocky soils on ridges in open forest, clearings in low
altitude forest edge, dry hillsides, slopes of escarpment, hillside thickets,
and montane forest. It occurs at altitudes from about 350 m. to about
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I map of J elegans subsp. elegans.

Representative specimens. Fiji. Vanua Levu: above Saivon Village, Ma-

cuata [16.36S. 179.09E], Berry 24 (suva); Korotari, Macuata Prov., Howard

382 (SUVA)- Drawa, Cakaudrove (Thakaundrove) [16.40S, 179.25E], (Kuro-

voli) Fiji Dept. Agr. 14327 (bish, k, na, suva); Macuata coast, Seemann 64

(k, holotype; isotype, gh); Mathuata, so. slopes of Mt. Numbuiloa, east ot

Lambasa [16.24S, 179.26E], A. C. Smith 6429 (a, l, s, suva, us). Vm Levu:

Ra, vicinity of Rewasa, near Vaileka [17.24S, 178.11E], Degener 15435 (a,

BISH BM K L MO NY s, uc, US, w) ; Nadarivatu, trail around escarpment

back' of government station [17.39S. 177.35E], Gillespie 4181 (bish); Mts.

near Lautoka [17.37S, 177.28E], Greenwood 450 (k)
;
Tholo North, below Nan-

darivatu, Greenwood 450A (a, ny, ph, uc, us); Naloto Range, Mba Prov.

ri7.43S, 177.44E], {Koroiveibau & Qoro) Fiji Dept. Agr. 14778 (bish, k)
;

Vaniyasi (Nadi), Mba Prov. [17.49S, 177.27E], (Labaliba) Fiji Dept Agr.

2359 (SUVA); Singatoka Dist., head of Sovi Creek, W. Parham 4 (k); Raskulu

near Kalavokoro, Nokonoko Dist., H. B. R. Parham 250 (bm); King s Road

ri7.50S, 178.30E], B. E. Parham 1213 (a, suva); Na Coco Levu. near Singa-

toka, Prov. Nadroga [18.11S, 177.31E], W. L. Parham & 11 B. R. Parham

301 (K); Nubulekaleka. Mba Prov., {Qoro) Fiji Dept. Agr. 7^/2. (suva); Na-

droga & Navosa, Nabosewale, vicinity of Nadrau [17.43S, ill ..l^].(Rana,nn)

Fiji Dept. For. 1171 (bish, suva); Nadroga & Navosa, Tovua. Aabutautau
^ ^ ._ , „... ^ .. r. . .^g^ (bjsh, na, SUVA); slopes

Range, Mba Prov. [17.39S,

Wainabuka valley, Nara-

[17.47S, 117.55E], (Ranatnii) Fiji Dept. For. 1191

of Mt. Nairosa, eastern flank of Mt.

177.35E], A. C. Smith 4389 (a, bish, l,

drivatu [17.50S, 178.21E], Vaughan 3437 us).
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The original material collected by Seemann was sterile. His notes (1865)
referred to "a tree 24 feet high, having somewhat the habit of M. [Melia]
Azedarach'' and stated that while he was collecting his specimens, "the
tree was just beginning to make new leaf, and had no flowers." Presumably
the trees in Fiji are nearly leafless at the end of the dry season, and new
growth was just beginning when Seemann visited the Mathuata coast of

Vanua Levu during October of 1860.

As to the occurrence of Koelreuteria elegans subsp. elegans on Fiji,

Smith (1950) noted the following: "In the Mt. Evans Range of north-
western Viti Levu, this tree is one of the most striking components of the
vegetation during its short flowering season, which lasts for only about
two weeks, in IMay or early June. From the high ridges one may observe
large individuals, spectacularly covered with bright yellow flowers, in the
forest on the inaccessible slopes."
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The Fijian subsp. elegans differs from subsp. jormosana in having leaf-

lets tending to be entire or sparsely serrate, smaller, and usually less

numerous, with shorter petiolules, larger and obtuse petals, and the claw,

filaments, and style all longer than in subsp. jormosana (cf. Table 2).

Table 2. Characters

average 11.8 leaflets

The pollen with irregularly striate ektexine appears to be the most

distinctive among the members of the genus examined by Dr. Nowicke

(see section on pollen morphology), although it must be pointed out

that the examination was based upon only one collection.

Vernacular names. Towiwi, Mba Prov. {W. Parham 4); Tatage,

Vanua Levu (Berry 24) ; Wi Wi, Nandronga Prov., Viti Levu (H. B. R.

Parham 250) ; Lomblomba, Ra dialect (Degener 15435) ;
Manawi (Mo-

nawi), Tailevu Prov., Viti Levu (B. E. Parham 1213).

Uses. The Fijians use Koelreuteria elegans subsp. elegans in various

ways. The Kai Viti make manawi (also spelled monawi), used as hair

dye, from the leaves (W. Parham 4). Degener reports that a black dye

is made by boiling the leaves and pouring the liquid over the hair {De-

gener 15455). It is interesting to note the similar use of the leaves for a

black dye in both Fiji and China. The tree is also sometimes used for

timber {(Ranamu) Fiji Dept. For. 1171, 1185).

Gardens. Koelreuteria elegans subsp. elegans is occasionally cultivated

in Fiji. In 1974, seeds of the Fijian plant were distributed to botanical

gardens in California, the Gulf Coast, and Florida.
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3b. Koelreuteria elegans subsp. formosana (Hayata) F. G. Meyer,

comb. nov. Figures 13A-D, 16.

Koelreuteria formosana Hayata, Icon. PI. Formosan. 3: 64, 65. pi. XIII.

1913; Ito, 111. Fl. Formosa 566. fig. 564. 1927; Sasaki in Trans. Nat.

Soc. Formosa 19: 410. 1929; Radlk. in Engler, Pflanzenr. IV. 165: 1334.

1933. Holotype: Kawakami & Mori 1736 (taif; photos, a, na, uc, us).

Koelreuteria bipinnata sensu Henry in Trans. Asiatic Soc. Japan 24(suppl.):

128. 1896; sensu Matsumura & Hayata in Jour. Coll. Sci. Imp. Univ. Tokyo

22: 94. 1906; non Franchet, 1886.

Koelreuteria henryi Diimmer in Card. Chron. 3rd ser. 52: 148. 1912; Elwes

Leaflets (4.S-) 6-10.2 cm. long, 1.8-3 (-4.2) cm. wide, often rather

coarsely serrate, long-acuminate to caudate (supernumerary small leaf-

lets occasionally occur at the proximal end of the rachis)
;

petiolules

4-5 (-10) mm. long; petals usually 5 or 4, acute, 6-7 mm. long, l.S-

2.5 mm. wide, claw ca. 2 mm. long, slightly longer than the calyx lobes,

sparsely villous; filaments 4.5-6 mm. long; styles 3-4 (-5) mm. long;

2n = 22 (Bowden, 1945).

Distribution. Taiwan; also cultivated in gardens. Koelreuteria ele-

gans subsp. formosana is apparently fairly widespread in Taiwan; how-
ever, little is known about the abundance and altitudinal range of this

taxon owing primarily to a paucity of herbarium material with good
data. Reputedly this is a tree of low elevations, although none of the

material at my disposal mentions altitude. Flowering in September and
October; fruiting in November.

: SPECIMENS. Taiwan. Bankinsing Mts., Henry 1594 (k, holo-

type ot A', henryi; isotype, a); Nanto Hokuzanko, Ito 15815 (taif); Tap-
panzan, Toyen [24.50N. 121.21E], Kanahira & Sasaki s.n. (a); Mt. Kaku-
ban [24.50N, 121.21E], Kanahira & Sasaki s.n. (taif); Tappansha, Kagi, Kawa-
kami & Mori 1736 (taif, holotype; photos, A, na, uc, us); Cuntin, Hunchuen,
Keng s.n. (a, e, us) ; Paiwan, Matuda 072082 (tai)

; Kaohsiung, /. Sasaki s.n.

(ti); Taihoku [24.50N, 121.21E], /. Sasaki s.n. (tai); Saisho Kauirashi [23.UN,
120.17E], /. Sasaki s.n. (taif); upper Pinan River, Prov. Pinan, E. H. Wilson
11145 (a, k); Lian-Hwa-Chih, Nan-Tou (as seeds), NA 35210 (na); Chung-
pu. Chia-yi (as seeds), NA 35211 (na); Tai-ma-lee, Tai-tung (as seeds), NA
35212 (na); Tai-chung City (as seeds), NA 35209 (na).

Cultivated. Africa: Egypt. Agricultural Museum garden, Dokko, Giza,
Mahdi s.n. (cAi, na); Faculty of Agriculture garden, Giza, Drar s.n. (cai, na).
Rhodesia. Grove Farm on Umwindsi River, Goromonzi Dist., Biegel 4231 (na).
Australia. Queensland: Hamilton, Brisbane, in ground of Butter Marketing
Board. L. P. King s.n. (k). Asia: Taiwan. Campus, National Taiwan University,
Taipei, Keng s.n. (tai); Taihoku [Taipei] cult., /. Sasaki s.n. (tai); First
Government Exp. Farm, Sekyo-Sai 072081 (tai). North America: U.S.A. Ala-
bama: Tom Dodd Nursery, Semmes, Mobile Co., Meyer & Mazzeo 11145 (na).
California: Upper Orpet Park, Broder s.n. (na); Hugh Evans' place, Santa
Monica, Eastwood s.n. (a); West Los Angeles, Epling s.n. (cas); Los Angeles
State & County Arboretum, Jativa 2265, 2267 (na); University Arboretum,



976] MEYER, KOELREUTERIA 163

iao« 121"

2f

/
^'\

^'^

>

-2^

f"-"j

-

.23°

sy

%r^ J
\i

SCALE
20 40

^ 22°--22'

120" a:L______
J elegans subsp. jormosana.

Davis, McClintock s.n. (cas, na); 1111 Mission Ridge Road, Santa Barbara,

Moran 2599 (sbbg); University of California campus, Davis, McClintock &
Leiser s.n. (cas). Florida: 10400 Old Cutler Road, Coconut Grove, Avery

1035 (na); Captiva Island, Lee County, Brumbach 6029 (a); Fairchild Trop-

ical Garden, Coconut Grove (P. I. 41679), Gillis 8547 (a, cas, na, usf); U. S.

Dept. Agr. Plant Introduction Station, Coconut Grove (P. I. 41679), Gillis

11115, 11141 (cas, na); City Cemetery, Miami, Dade Co., Korsakoff s.n. (na);
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20 Fourteenth Ave., South Naples, F. C. Lee s.n. (a); Hort. ex H. Guy, Winter

Haven, Mazzeo 2383 (a. xa); The Wilmat, University of Florida, Gainesville,

Alachua Co.. Meyer & Mazzeo 14220 (na); Hort. ex W. Paul Philips, 316 E.

Church St.. Orlando, collector undesignated (a); roadside tree near my home,

Altamonte Springs, Seminole Co.. Schallert 489 (bm, p, s, usr). Hawaii: Vine-

yard St. Nursery. Honolulu. Forbes s.n. (bish); Lyon Arboretum, Herbst 641

(bish); Foster Gardens, Honolulu, Neal s.n. (bish). Louisiana: Hort. ex 104

W. William David Pkwy., Metairie, Painter s.n. (usf); Hort. ex Prytania St.,

corner Dufossat, New Orleans, Ewan 22185 (xa); arboretum, University of

Southwestern Louisiana, Lafayette, Solymosy SCOl109702 (na). Mississippi:

Poplarville, Rogers 86S0 (na). Texas: campus of Texas A & M University,

Brazos Co., Fryxell 1215 (us); Corpus Christi, F. G. Meyer s.n. (na, photo);

Rice Institute Campus, Houston, Traverse 884, 1725 (mo); near corner of

Gramercy and Stella Link, Houston, Harris Co.. Traverse 1724 (gh). West

Indies: Cuba. Harvard Tropical Garden, Soledad, Cienfuegos, Prov. Santa Clara,

Jack 8347 (a, ny, us). Europe: Italy. Stazione Sperimentale di Floricoltura,

San Remo, collector undesignated (k). England. Royal Botanic Gardens, Kew,

Koelreuteria elegans subsp. formosana differs from the Fijian subsp.

elegans principally in the flowers with narrower acute petals, the filaments

less villous and distinctly shorter, and the larger leaflets often more
coarsely serrate than in subsp. elegans (.see Table 2).

Vernacular NAMES. Taiwan mokugenji; Taiwan Sendanbotaizgu {Ma-
tuda 072082).

Gardens. The earliest recorded introduction of Koelreuteria elegans

subsp. formosana into the United States dates from an introduction by
the United States Department of Agriculture (P.L 41679) in 1915 from
Taihoku [Taipei], Taiwan. This attractive tree is now grown in Hawaii,
in California, and on the Gulf Coast; in Florida it has escaped from
cultivation in certain areas. Flowering occurs from the end of September
through October. During anthesis, the flowers emit a mild orange-blossom-
like fragrance, which is highly attractive to bees and other pollinating in-

EXCLUDED NAMES
Kolreutera mulluginoides Murray in Nov. Comm. Soc. Sci. Gott. 3: 67.

tab. II. pi. 2. nn = Gisekia pharnacioides L.
Koelreutera hygrometrica Hedwig, Fundam. Muscor. 2: 95. 1782 = Fu-

naria hygrometrica Hedwig.
Koelreutera Schreb. Gen. 2: 731. 1791.
Koelreuteria arborea Blanco, Fl. Filip. (ed. 3) 4: (Nov. App.) 52. 1880
= Guioa perrottetii (Bl.) Radlk.

Koelreuteria arborescens Pierre nom. in hb. = Arfeuillea arborescens

Koelreuteria completa Medic, in Hist. & Comm. Acad. Elect. Sci. Theod.
Palat. VI. 407. 1790 = Marsdenia erecta R. Br?
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Koelreuteria edulis Blanco, Fl. Filip. (ed. 2) 202. 1845; (ed. 3) 4: (Nov.
App.) 52. pi. no. 1880 = Otophora fruticosa (Roxb.) Bl.

Koelreuteria incompleta Medic, in Hist. & Comm. Acad. Elect Sci Theod
Palat. VI. 407. 1790 = Marsdenia erecta R. Br?

Koelreuteria procumbens Medic. Bot. Beobacht. 22. (1782) 1783 =
Marsdenia erecta R. Br?

Koelreuteria triphylla nom. in hb. P-Jussieu (n. 11345) = Urvillea
ulmacea Kunth.

Koelreuteria minor Hemsley in Hooker's Icon. PI. 27: pi. 2642. 1900;
non Koelreuteria.
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THE OLD WORLD SPECIES OF CALOPHYLLUM (GUTTIFERAE).

L THE MASCARENE SPECIES

P. F. Stevens

This account of the genus Calophyllum L. in the Mascarenes (Mauri-

tius, Reunion, and Rodrigues) is necessary to establish the nomenclature

of the species for the Flore des Mascareignes currently being prepared

jointly by Kew, O.R.S.T.O.M. (Paris), and M.S.R.I. (Mauritius). The

nomenclatural problems have been entirely disproportionate to the area

covered and the number of species involved, and one name, C. acumina-

tum Lamarck, has been excluded from the genus (p. 181). It was hoped

that a joint account of the Madagascan and :\Iascarene species could be

prepared; however, the species of Madagascar have proved more com-

plex than expected.

Although only three species of Calophyllum are native to the Masca-

renes, they are of considerable interest; the species that are not found,

but riiight be expected, are of almost equal interest. There are about 14

native species of Calophyllum on Madagascar, but none of these are na-

tive to the Mascarenes; however, both C. inophyllum L. and C. recedens

Jumelle & H. Perr. seem to be related to the Mascarene species C. taca-

mahaca Willd. Calophyllum inophyllum, perhaps rather surprisingly, does

not appear to be native to the Mascarenes, although it is common m
parts of Madagascar and is found in the archipelagoes between Madagas-

car and India. The two species endemic to Mauritius, C. parvtflorum

Baker and C. eputamen sp. nov., are unique in the genus in lackmg any

woody layer in the ripe fruit, although a thin woody layer is present an

the immature fruit. Information on the germination and dispersal ot

these species would be of interest.

In the account that follows, the following abbreviations have been

used for collections made as part of an institutional series: 5F— Service

Forestier (Madagascar) and MJt/- Flora of Mauritius. Herbarium ab-

breviations follow those given by Holmgren and Keuken, Index Her-

bariorum ed. 6 1974; REU is used as an abbreviation for the Herbier

du Centre d'Enseignement Superieur Scientifique (la Reunion)."

Key to the taxa of Calophyllum in the Mascarenes

1. Tomentose indumentum on terminal bud, young stem, and base of the in-

florescence; venation fine and dense; tepals 4 . 4. C. soulattri.

1. Tomentose indumentum absent; venation not fine and dense; tepals 8 or

with 5-8 (-10) veins/5 mm.; lowest internode of inflorescence

lally less than 0.5 ram. long; fruit

2. C. inophyllw
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Lamina with (5-) 7-1 5 veins/5 mm.; lowest internode of inflorescence

usually 0.6-3 cm. long; fruit lacking a stone, or stone pointed at apex.

3. Lamina usually acute to acuminate; fruit with stone wall ca. 1 mm.

thick 5. C. tacamahaca.

3. Lamina usually rounded to refuse; fruit lacking a stone when mature.

4. Lamina 2.5-5.5(-7.5) cm. long; outer layer of fruit 0.4(-l) mm.

thick 3. C. parvifloriim.

3.5 mm. thick.

5. Terminal bud 4.5— 7 mm. long; petiole 5-10 mm. long; lamina

5.7-10.5 cm. long 1. C. epiitamen var. eputamen.

5. Terminal bud 8-10 mm. long; petiole 8-15 mm. long; lamina

1. Calophyllum eputamen P. F. Stevens, sp. nov.

E speciebus aliis Calophylli (C. farvifloro excepto) in fructu maturo

sine putamine differt, et a C. parvifloro in foliis maioribus (eis C parvi-

fiori minus quam 7.5 cm. longis et 4.8 cm. latis), costa latioribus, floribus

maioribus, et fructibus duplo maioribus stratis exterioribus (?2-)3-3.S

mm. crassis (in C. parvifloro solum circa 0.4(-l) mm. crasso) differt.

Arbor 5-6 m. alta trunco usque ad 30 cm. in diametro. Gemma ter-

minalis corpulens, 4.5-7 mm. longa, indumento breve griseo tegenti com-
pacto facienti praedita; ramulus baud vel leviter complanatus 2.5-5 mm.
in transverso, 4-angulatus, glaber, in siccitate brunneus vel atrobrunneus

;

intemodia 0.3-2 cm. longa. Petiolus 0.5-1.0 cm. longus et 3.5-5 mm.
latus, supra late vadoseque concavus, infra convexus, glaber; lamina late

obovata, elliptica vel subrotunda, raro ovata, 5.7-10.5 cm. longa et 3.9-

8 cm. lata, apice rotundata vel retusa basi cuneata vel acuta in petiole

decurrens, maturitate glabra, coriacea, in siccitate utrinque flavo-brunnea
vel griseo-brunnea, margine baud undulata plus minusve recurvata, costa

utrinque e basi sensim angustata, plana vel leviter elevata, striata, (0.8-)

L5-3 mm. lata in medio laminae, saepe circa 5 mm. ante apicem evanes-

centi, nervis lateralibus supra obscuris vel subprominulis infra prominu-
lis elevatis 6-1 1 per 5 mm. sub angulo 60-70° e costa divergentibus. In-

florescentiae e axillis foliatis ortae, rarissime terminales, cum 9-17 flori-

bus; axes 4.5-11 cm. longi, glabri, floribus infimis 0.5-3 cm. supra bases
ortis, baud ramosi; bracteae foliaceae late ovatae vel subrotundae, sub-
persistentes, 0.3-2 cm. longae, infra indumento subfurfuraceo praeditae;
pedicellus 0.9-3.4 cm. longus, glaber. Flos hermaphroditus; tepala 8-12
(-13), duobus exterioribus subrotundis vel late ovatis 6.5-10 mm. longis
et 5-9 mm. latis, glabris vel pilis brevibus fimbriatis, tepalis interioribus
ellipticis vel obovatis 9-13 mm. longis et (l.5-)3.5-9 mm. latis (tepalis
intimis multo parvioribus quam praesertim duobus exterioribus) ; stamina
270-410, filamentis usque ad 7.5 mm. longis basi usque ad 1 mm. connatis,
antheris oblongis 1.3-2 mm. longis apicibus plus minusve truncatis;
ovarium 2-2.7 mm. longum, glabrum; stylus 4-5.5 mm. longus; stigma
peltata, 1.2-L7 mm. in transverso, cum (2-) 4 lobulis. Fructus ellipsoi-
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deus vel ovoideus usque ad 4 cm. longus et 2.4 cm. latus interdum basi

styli persistent! praeditus, in siccitate brunneus, rugosis subtilibus va-

dosis praeditus; stratum exterior (?2-)3-3.5 mm. crassum compactum
(apice basique circa 7.5 crassum); strata lignosum et spongiosum nulla;

embryo circa 22 cm. longus et 1.5 cm. latus.

Type: IVIauritius. Petrin. 600 m., 3 Dec. 1973, Coode 4263 with
Gueho & Badre (holotype. k; isotype, a).

Additional specimens seen. Mauritius: near Petrin, MAU 16666 coll. For-

estry Dept. (mau); Petrin, ca, 450 m., Coode 3951 with Gueho & Lorence (a,

k); Grand Bassin, Vaiighan s.tt. Jan. 1940 (mau). Colville s.n. (e, 2 sheets),

ation. (k); Plaine Sophie, Plaine Champagne, MAU 27 (mau); a lest de la

foret de Alaccabee, 28262 SF coll. Capuron (p) ; Mare Longue-Maccabee
Road, MAU 13301 coll. Vanghan (mau); track from Les Mares to Cocotte

Mt., MAU 10710 coll. Vaughan (mau); sine loco, Franco-British Exhibition

(k), Commerson s.n. (p, p-ju 11882), Bouton s.n. (k), MAU 3054 coll. For-

estry Dept. (mau).

;sured; inner bark red out-

Latex yellow, clear.

Ecology. Calophyllum eputamen var. eputamen grows in stunted for-

ests and heathlands on very shallow soil in marshy conditions; it has

been collected from altitudes of about 450 to 600 m. Specimens in flow-

er have been collected from January to March, specimens in fruit in

August and December. Fallen fruits are brown or black.

The leaves are sometimes galled, e.g., in Coode 3951. The galls are in

a line ca. 0.5-1.3 cm. in from the edge of the leaf and consist of elliptic

outgrowths from the surface of the lamina which sometimes distort the

whole leaf.

Local names. "Tatamaka,"' "tatamaka a petites feuilles."

la. C. eputamen var. grandis P. F. Stevens, var. nov.

Arbor circa 6 m. alta, trunco 12-20 cm. in diametro. Gemma terminalis

8-10 mm. longa; ramulus 3.5-6.5 mm. in transverso. Petiolus 0.8-1.5

cm. longus et circa 4 mm. latus; lamina elliptica, ovalis vel obovata,

(7_)9.5^17 4 cm. longa et (3.3-)4.4-9.8 cm. lata, apice subretusa, rotun-

data vel obtusa, basi plus minusve decurrens, costa supra 0.9-2 mm. lata in

medio laminae, infra plus minusve elevata, nervis S-U per 5 mm. sub

angulo 65-75° e costa divergentibus. Fructus breviter ovoideus vel el-

lipsoideus, 2.4-3.5 cm. longus et 2-2.5 cm. latus. Aliter quam in var.

eputatnen.

Type: Mauritius, Bassin Blanc, 500 m., 6 Dec. 1973, Coode 4290 with

Gueho & Lorence (holotype, k; isotype, a).

Additional specimens seen. Mauritius: Bassin Blanc to Les Mares, 500 m.,

Coode 4284 with Gueho & Lorence (a), Grand Bassin, 716 m., MAU 164 coll.
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Field characters. Bark yellow-gray, with vertical fissures 2.5-5 cm.

apart when older; inner surface yellow-brown; under bark red, creamy

under the cracks; inner bark salmon-pink, almost white near the cam-

bium. Latex yellow, clear.

Ecology. Calophyllum eputamen var. grandis is a sometimes common
plant of valleys or of forests on windswept ridges, growing at altitudes of

500 to 720 meters. Regeneration is reported in disturbed valley forests.

Fruiting specimens have been collected in December.

Calophyllum eputamen is related to C. parvlflormn, differing most ob-

viously in the larger size of all its parts, especially of the fruits (almost

twice as large and with an outer layer about 5 times as thick). However,

it should be noted that the description below of the ripe fruit of C. parvl-

flormn is taken from a somewhat atypical specimen with very coriaceous

Four collections of Calophyllum eputamen var. eputamen which have

habitat data mention that the plant was collected in swampy and marshy

places. Var. grandis seems to grow in better drained places, and some of

the differences between the two varieties may be directly caused by the

environmental differences. Both varieties have the same very characteristic

leaf and fruit type, and terminal inflorescences are also known from both

2. Calophyllum inophyllum L. Sp. PI. 513. 1753; Bojer, Hort. Maurit.

5L 1837; Baker, Fl. Maurit. 16. 1877, pro parte. Type: descrip-

tion based on material from Ceylon.

C. bintagor Roxb. Hort. Bengal. 4L 1814; G. Don, Gen. Syst. 1: 622. 1831;

Roxburgh, Fl. Ind. ed. 2. [W. Carey, ed.] 2: 607. 1832. Type: described

from the Moluccas.

C. calaba auct. non L.; Lamarck, Encycl. Meth. Bot. 1: 553. 1785, pro parte.

Tree 4-10 m. tall. Terminal bud rather plump, 4.5-6 mm. long, with
short, sometimes subfurfuraceous, grayish or brownish indumentum; twigs

slightly flattened, 3-5.5 mm. across, with 4 or 6 raised lines when young,
drying brown, glabrous; internodes (0.5-)L5-2.5(-5) cm. long. Petiole

1-L8 cm. long, broadly concave above, convex below, glabrous; lamina
elliptic to oval, rarely ovate, 9.5-19 cm. long and 4.6-11.5 cm. across,

rounded to slightly refuse at apex, sometimes subacute, acute to cuneate
at base, glabrous, ± chartaceous, drying greenish brown to brown above
and below, margin slightly undulate, recurved, midrib above narrowing
quickly near the base or gradually narrowed from the base, depressed,
becoming ± raised toward the apex, 0.4-0.8 mm. wide at the midpoint,
raised below, angled toward the apex, striate toward the base, venation
prominulous to prominent above and below, 5-8 (-10) veins/5 mm.,
angle of divergence (65-) 70-80°. Inflorescences from foliate axils, 7-
13-flowered, axis 2.5-6.5 cm. long, glabrous except for minute puberu-
lence near the base, basal intemode 0.2-0.5 (-0.9) cm. long, unbranched,
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flowers not flabellate; bracts unknown, caducous; pedicels 1.5-5 cm. long.

Flowers hermaphroditic; tepals 8, rarely 10, at least the outer fringed

with short hairs, outer two broadly ovate to suborbicular, 5.5-7 mm. long

and 4.5-7 mm. across, next pair elliptic to obovate, 9.5-11 mm. long and

6-7 mm. across, inner tepals ± obovate, 10.5-14 mm. long and 3-5.5

mm. across; stamens 255-355, filaments to 7.5 mm. long, connate for up

to 1.5 mm!, anthers oblong, 1.2-2 mm. long, apex rounded to retuse;

ovary 2-3 mm. tall, glabrous; style 6-9.5 mm. long; stigma peltate, 1-

1.5 mm. across, not obviously lobed. Fruit subpyriform to spherical, ca.

2.5 cm. long and 2.2-2.5 cm. across, apex rounded to apiculate, drying

grayish brown, rather densely and sharply wrinkled; outer layer detach-

ing ± cleanly from the stone, ca. 1 mm. thick, ± compact (air spaces

developing?); stone spherical to ellipsoid, 2.2-2.3 cm. long and 1.9-2.3

cm. across, apex rounded, walls ca. 1 mm. thick, smooth, unmarked;

spongy layer prominent, to 2.7 mm. thick.

Additional specimens seen. Mauritius: Baie du Cap, sea level Coode 4011

with GueJio (k); Baie du Tombeau, MAU 12560 coll. Morin (mau)
;
Port

Louis. Ayres s.n. Dec. 1860 (gh, k) ; near Yemen Estate, Black River, MAJj

1263 coll. Vaughan (mau) ;
Belle Mare Estate, 0.8 km. from the sea, M^t/

12598 coll. Rouillard (mau); "Riambel" near Souillac, MAU 11607 colLj4n-

toine (mau); embouchure Riv. St. Gilles, MAU 96 (mau); lowlands, MAU
16665 coll. Mor'm (mau); sine loco, Boiiton s.n. anno 1864 (k). V^tMrnorv:

\^

place de I'Eglise de St. Paul, Cadet 4973 (k) ;
littoral a St. Dems, Cadet 4914

(k) • Ste Marie Cadet 5157 coll. Etienne (k). Rodrigues: above Port Mathunn,

ca. ISO m., Coode 4299 (a, k) ;
St. Gabriel, 300 m., Cadet 2778 (p) ;

sine loco,

Bouton s.n. (k), Balfour s.n. (bm, k).

Ecology. Calophyllum inophyllum usually grows by the sea at low

altitudes, although it may flourish inland when planted. Specimens in

flower have been collected from December to March, a specimen in fruit

in May.

Local names. ''Takamaka de Madagascar" (Bojer, lac. cit.), "taka-

Calophyllum inophyllum is an easily recognizable species. It usually has

a broad lamina with rather distant venation (5-8 vems/5 mm^, the twigs

are stout and the inflorescences bear flowers with long, slender pedicels.

The grayish, sharply wrinkled, fallen fruits with their subspherical stones

are a characteristic sight on the beaches where C. inophyllum grows^^

The germination of the fruit of C. inophyllum in Australia and New

Guinea has been described by Stevens (1974). Smith and Darwm (1974,

hg. 6) included a good photograph of the characteristic fn-^

recorded it as being ' comn

5 statement is belied by 1

three islands. Baker {loc.

ests of the sea shore" on Mauritii
, . ^ j u . *

city of the specimens from that area. Bojer {loc at.) noted that it was

'pLque naturalisee" on the island, and the local name that he gave for

it 't^Laka de Madagascar," might suggest that it had been introduced
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from ^Madagascar. Notes on several specimens suggest that the species is

planted or growing in waste places (e.g., Bouton s.n. anno 1864, MAU
16665), although a note on MAU 96 suggests that it is native. All of the

specimens cited from Reunion came from planted trees, and Coode 4249,

from Rodrigues, also came from a tree which was apparently planted.

C. inophyllum regenerates naturally in the INIascarenes, at least on Mauri-

tius and Rodrigues.

Calophyllum inophyllum is common on IMadagascar, being most abun-

dant along the northern part of the east coast, and it appears to be rep-

resented by the small-fruited form described as C. inophyllum var. taka-

maka Fosberg. The little fruiting material seen from the Mascarenes

also had rather small fruits. However, the fruits were not mature, lack-

ing the plugs at the base of the stone which are found in ripe fruits

throughout the range of the species (see also Stevens, 1974). Although

C. inophyllum has larger fruits in the eastern part of its range, there is

considerable variation in fruit size even there, and the immaturity of the

fruits from the Mascarenes makes it impossible to suggest a place of origin

for the Mascarene C. inophyllum.

Calophyllum bintagor is one of the names validly published in Rox-

burgh's Hortus Bengalensis (Robinson, 1912). In a footnote Roxburgh

referred to "H. A. 2 t. 71" — the illustration of Bintangor maritima in

Rumphius, Herbarium Amboinense 2: tab. 71. 1741. Later Roxburgh men-

tioned that Rumphius's illustration was a poor representation of his C.

bintagor (Roxburgh, loc. cit. 1832). Bintangor maritima is to be equated

with C. inophyllum.

There is a sterile specimen of C. bintagor Roxb. at the British Museum
which agrees well with the description given by Roxburgh (loc. cit. 1832)

;

this specimen is clearly C. inophyllum. On one sheet is written "C. Bin-

tagor," and on another "N 10 1811 8.19," the three groups of figures

being under one another. As this writing is comparable to that on the

sheets of another Roxburgh collection (see C. lanceolarium Roxb. below),
the specimen of C. bintagor almost certainly came from Roxburgh.
Roxburgh {loc. cit. 1814) mentioned that Calophyllum bintagor had

been sent to him by one Monsieur Jannet in 1810 and that it had come
from the IVIoluccas. Later the specimen was mentioned as coming from
Mauritius (Roxburgh, loc. cit. 1832). This Monsieur Jannet would seem
to have been a much-travelled gentleman, since he is recorded as having
sent specimens to Roxburgh in 1810 from America {Acer negundo L.),

the West Indies {Malachra capitata), the Moluccas (C. bintagor), as

well as Mauritius (C. lanceolarium), and his travels during the following
year also span the globe (Roxburgh, op. cit. 1814). The person in ques-
tion is probably V. F. Jaunet, who lived a long and checkered life on
Mauritius (he ended up planting tea, but was ruined when governmental
assistance was discontinued, and died at Port Louis in 1861). Pre-
sumably the material he sent was from the Botanic Garden in Mauritius,

'
supposed to have sent plants to the Museum d'Histoire

any material of Calophyllum there
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collected by him. It may well be that the initial mention of the Moluccas
as the source of the plants of C. bintagor is correct, since the status of

C. inophyllum on Mauritius is at best doubtful.

3. Calophyllum parviflorum Bojer ex Baker, Fl. IMaurit. 16. 1877;
C. tacamahaca Willd. var. parviflorum (Bojer ex Baker) Vesque in

DC. Monogr. Phanerog. 8: 548. 1893. Type: Mauritius, herb. Jus-

tice Blackburn (lectotype, k).

C. spurium auct. non Choisy; Bojer, Hort. Maurit. 52. 1837.

Shrub or tree 1.5-5 m. tall to 23 cm. d.b.h. Terminal bud hardly flat-

tened, 4-6 mm. long, with short, gray-brown indumentum forming a com-
pact dense covering; twig not or hardly flattened, 1-3 mm. across, with

4 or 6 raised lines, drying brown to dark brown, when young with sparse

brownish subfarinose indumentum, glabrescent; internodes 0.2-1 cm.

long. Petiole 3-7 mm. long, 1-2 mm. wide, broadly concave above, con-

vex below, soon glabrescent; lamina elliptic to oval or obovate, 2-5.5

(-7.5) cm. long and 1.3-3.5 (-4.8) cm. across (leaves of saplings oval to

oblong, to 11.2 cm. long and 3.5 cm. across), rounded to bluntly pointed

at apex, rounded to cuneate or subtruncate at base, soon glabrescent apart

from a few subpersistent small brown hairs on the midrib below, coria-

ceous, drying greenish brown to brown above and below, margin slightly

recurved, hardly undulate, midrib above gradually narrowed from the

base, flat to somewhat depressed, 0.3-1 mm. across at the midpoint, be-

coming slightly raised near the top, raised below, ± angled in the top

part, substriate near the base, venation subobscure above, prominulous

below, slightly raised, 8-15 veins/5 mm., angle of divergence ca. 60°.

Inflorescences from foliate axils, very rarely terminal, 5-11-flowered;

axis 0.5-7.5 cm. long, glabrous or almost so, basal internode (0.3-) 1-2.5

cm. long, unbranched; bracts often foliaceous, ovate to obovate, 1.5-10

mm. long, caducous to subpersistent; pedicels 4-17 mm. long, glabrous.

Flowers hermaphroditic; tepals 8-12, glabrous or fringed with short

hairs, outer two suborbicular to elliptic, 4.5-6 mm. long and 4-5.5 mm.

across, next two (when more than 8) ca. 5.5 mm. long and 3.5-4.3 mm.

across, inner tepals ± elliptic, 7-9.5 mm. long and 2.5-5 mm. across;

stamens 85-255 (-320), filaments to 3.5 mm. long, connate for up to

0.6 mm., anthers suboblong, 0.6-1.3 mm. long, apex rounded to retuse;

ovary 1.3-2.5 mm. long, glabrous; style 2-3.5 mm. long; stigma peltate,

0.7-1.3 mm. across, 1-3-radiate. Fruit ellipsoid, ca. 2.5 cm. long and 1.2

cm. across, ± beaked, beak to 7 mm. long, sharply pointed, drying smooth,

brown; outer layer ca. 0.4 mm. across, compact; stony layer absent;

spongy layer absent; seed ca. 1.5 cm. long and 1 cm. across.

Additional specimens seen. Mauritius: Bel Ombre, near S.W. coast, ca.

240 m., Coode 4057 with Julien & Gtieho (a, k), ca. 240 m., Coode 4059 with

Julien & Gtieho (a, k), ca. 250 m., Coode s.?i. 14 Nov. 1973 (k;; vers Cas-

cade Alexandra, Friedmann 2667 (k) ; Alexandra Falls, ca. 650 m., Coode 4678

(k) ; Plaine Champagne, 660 r , Coode 4450B with Gueho & Lorence (a, k),
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660 m.. Coode 4452 with Guelio & Lorence (a, k), Friedmann 1177 (p) ;
Plaine

Champagne road, near turnmg to Mt. Cocotte path. MAV 12521 coll. Lalouette

( iiAu ) : Crown Lands Combo. Coode 4105 coll. Forestry Dept. (a, k) ;
Petrin,

655 m., MAU 16671 coll. Vaughan (ii.\u); Crown Land Florin on Mare Longue

Plateau. MAU 15475 coll. Gueho ( k. mau) : Black River gorges. MAU 16757

coll. Lorence (mau) ; Montagne Blanche. Bouton s.n. (k, pro parte)
;
Kanaka,

Curepipe. MAU 101 coll. Bijoux (mau). MAU 104 coll. Lanemillante (mau);

sine loco. Home s.n. ik), Franco-British Exhibition (k) ; ibid, (uplands or

hill forest). MAU 98. 99. 100. 102. 103. 197. 16670 (all mau).

Field characters. Outer bark yellow when young, becoming pink

and gray with vertical pustular lenticellar lines, finally becoming fissured;

under surface bright orange-brown to deep brown; under bark salmon to

dark red-brown; inner bark paler pinkish brown. Latex yellow, clear.

Young leaves yellowish in color.

Ecology. Calophyllum parviflorum is common in colline forests and

shrubbery, sometimes rather exposed, and has been found at altitudes of

240 to 660 meters. Specimens in flower have been collected in February,

March, and from July to September; a specimen in fruit was found in

December.

Local name. "Tatamaka a petites feuilles."

Calophyllum parviflorum is characterized by its rather small leaves,

which have a broad sunken midrib on the upper surface, and by its beaked

and/or sharply pointed fruits, which have a thin, compact, outer layer

and entirely lack a woody layer, at least when mature (see below).

There are four shoots on two sheets in the type folder of C. parviflorum
at Kew; none of the four elements are annotated by Baker. The flower-

ing specimen from Justice Blackburn's herbarium is selected as the type.

It agrees fairly well with Baker's description of the leaves ("2-3 in. long,

very rigid, obovate with a cuneate base and very short petiole"), and
its flowers have eight tepals; Baker describes the flower as having four

petals. On the same sheet is a specimen collected by Home, on which
Baker seems to have based his description of the fruit ("oblong, % in.

long, with a very distinct beak"). The specimen from Blackburn's her-

barium agrees fairly well in foliar characters with the other specimens
cited here; that collected by Home agrees less well, having very rigid

leaves (but cf. Baker's description). My description of the fruits of

C. parviflorum is based on Home's specimen, but young fruits of speci-

mens more typical in foliar characters are also sharply pointed and are
probably of the same type (see below).

On the other sheet the two elements have but a single label and were
collected by M. Bouton. On the label is written "vulgo: Tatamaka petite
feuille a limbes," perhaps the source of Baker's local name, "Tatamaka
a petites feuilles." However, neither specimen is selected as the type,
since both have rather large flowers, usually with more than eight tepals.

One specimen, belonging to C. eputamen, has leaves up to 9 cm. (some-



1976] STEVENS, CALOPHYLLUM 175

what over 3 in.) long; the other, perhaps to be referred to C. spectabile

sensu stricto, has very clearly petiolate leaves.

The specimens cited agree well with each other, differences in the per-

sistence of the foliaceous bracts being unimportant. Friedniann 2667
has terminal inflorescences, but it is otherwise unremarkable. Only a single

collection {Home s.n.) has ripe fruit, and further collections are much
needed to clarify the variation found in the immature fruits. Some col-

lections, e.g., MAU 100 and MAU 16757, have a distinct, albeit very
thin, woody layer; the fruits of the latter specimen are up to 3.7 cm.
long. Coode 4678 has ellipsoid fruits only 1.7 cm. long and 7 mm. across,

which quite lack a woody layer; the outer layer of the fruit is ca. 1 mm.
across and is almost areolate because of the prominent latex canals. In

the other specimens with fruits (including Home s.n.), the outer layer

is thinner and somewhat fibrous, although there are also prominent latex

Although clearly related to Calophyllum eputamen, C. parviflorum can

usually be easily distinguished from it (see the former species). There are

two specimens which are somewhat intermediate. MAU 15475 has rather

large leaves and flowers with very numerous stamens (see the upper limits

of the measurements in the description). However, its immature fruits

have a very thin outer layer, and its flowers are not very large. MAU
16670 has a broadly elliptic lamina which is very rigid and dries chestnut

brown in color. However, the lamina is not very large, and it is much
broader than that of Home s.n., the only other specimen with a comparably

rigid lamina.

Calophyllum parviflorum has been reported from Madagascar (see

Perrier de la Bathie, 1951). However, the specimens on which this re-

port was based have a thick woody layer in the fruit and leaves lacking

the broad, sunken midrib of C. parviflorum; these specimens represent

an undescribed species. C. tacamahaca, to which Vesque {loc. cit.) reduced

C. parviflorum (as a variety) because of the similarity in the shape of

their fruits, also has a woody layer in the fruit. In addition, it has a

lamina which is acute at the apex and which has a less obviously sunken

midrib than that of C. parviflorum.

Tree. Terminal bud flattened-conoid. 8-12 mm. long, brown-t

twigs flattened, 3-4.5 mm. across, with 4-6 raised lines, rather quickly

becoming rounded, drying rather light brown, tomentose when young

(hairs ca. 0.7 mm. long), glabrescent; internodes 2.5-8.5 cm. long. Pet-

iole 1.1-1.6 cm. long, narrowly concave above, convex below, tomentose

below, at least when young; lamina ovate to oblong, 11-23 cm. long and

3.2-7.4 cm. across, gradually narrowed to the acute apex, or subacuminate,

cuneate to broadly cuneate at base, glabrous apart from a few persistent

hairs on the midrib below, subcoriaceous, drying dull greenish brown on
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both surfaces, margin undulate, slightly and narrowly recurved, midrib

above abruptly narrowed at the base, raised, 0.2-0.35 mm. wide at the

midpoint, below prominent, raised, striate, or angled toward the base,

venation prominulous above and below, raised, 10-15 veins/5 mm., angle

of divergence 65-70°. Inflorescences axillary, 9-17-flowered, axis to 3.6

cm. long, tomentose at the base, otherwise almost glabrous, basal inter-

node 0-2 mm. long, flowers flabellate, branches to 1.7 cm. long, each 5-

flowered; bracts unknown; pedicels 1.5-2.6 cm. long, glabrous, slender.

Flowers hermaphroditic; tepals 4, abnormally 5, sparsely fringed with

short hairs, the twQ outer broadly ovate, 5.5-6.5 mm. long, the inner

tepals subelliptic, 7.5-8 mm. long and 2.5-5.5 mm. across; stamens 55-

100, filaments to 3 mm. long, connate at the very base, anthers oblong,

1.3-2.2 mm. long, apex ± retuse; ovary ca. 1.5 mm. long, glabrous; style

2.5-3.5 mm. long; stigma peltate, 1-1.3 mm. across, not obviously lobed.

Fruit spherical to broadly ovoid, ca. 11 mm. long and 10 mm. across,

sometimes apiculate by the style base, drying brown, ± smooth; outer

layer detaching from the stone, 0.8-1.4 mm. across, ± compact, but air

spaces developing under the skin, not dense; stone ellipsoid, ca. 8 mm.
long and 6.5 mm. across, apiculate, walls ca. 0.4 mm. across, smooth, un-

marked
; spongy layer thin.

Specimens seen. Mauritius: Jardin de Maurice, Richard s.n. (p) ;
Jardin de

Pamplemousses, Boivin s.n. (p), MAU 3040 coll. Delord (mau), MAU 10748

coll. Gueho (mau), Andersson s.n. March, 1853 (mau), anon, (k) ; sine loco,

Richard 416 (p, pro parte), Bouton s.n. (k), De Montbrison s.n. (fi). Re-

union: hauls de Bras-Panon (la Caroline), 200 m., Cadet 4893 (k).

Ecology. Calophyllum soulattri grows in waste places or where the

vegetation has been disturbed; it has been found at an altitude of 200

meters. Specimens in flower have been collected in March, a specimen in

fruit in October.

Local name. ''Mangue a grappe" (Reunion).

Calophyllum soulattri is a very distinctive species characterized by its

thinly coriaceous lamina, which dries dull greenish brown and has dense,

fine venation. The inflorescence, with its short basal internode, relatively

long lateral branches, and flabellate flowers, is also distinctive. C. sou-
lattri is the only species in the Madagascar/IVIascarene area which has
flowers with four tepals.

Calophyllum soulattri is possibly naturalized in Mauritius; it is rare

outside the Botanic Garden at Pamplemousses {MAU 10748). P. Rivals
notes on MAU 3040 that C. soulattri is naturalized at Ste. Suzanne on
Reunion. C. soulattri may also be naturalized on INIadagascar, but I have
seen only two specimens from there {Breon s.n. (p) and anon, (mel
62306)), most of the specimens cited under C. spectabile (auct. non
WiUd., = C. soulattri) by Perrier de la Bathie (1951) belonging to other

Perrier de la Bathie (1951) thought that Calophyllum soulattri had
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been introduced into ]Madagascar and the Mascarenes from India. Calo-
phyllum soulattri is not native in either India or Ceylon, and it was
probably introduced from the Malesian region.

5. Calophyllum tacamahaca Willd. Sitzungsber. Ges. Naturf. Fr. Ber-

lin Mag. 5: 79. 1811; Choisy, Mem. Soc. Hist. Nat. Paris 1: 228.

1823; Choisy in DC. Prodr. 1: 562. 1824, pro parte Bourbon;
Sprengel, Syst. Veg. ed. 16. 2: 571. 1825; Cambess. Mem. Mus.
Hist. Nat. Paris 16: pi. 17C. 1828; G. Don, Gen. Syst. 1: 622.

1831, pro ma'], parte; Bojer, Hort. Maurit. 52. 1837; Wight, 111.

Ind. Bot. 1: 128. 1840; Choisy, Mem. Soc. Phys. Hist. Nat. Ge-

neve 12: 423. 1851, /)ro parte Mascarenes; Planchon & Triana, Ann.

Sci. Nat. Bot. IV. 15: 286. 1861; Vesque, Epharmosis 2: tab. 2.

1889; Vesque in DC. Monogr. Phanerog. 8: 547. 1893, pro parte

Mascarenes; Cordemoy, Fl. lie Reunion i32>. 1895. Type: Bourbon

[Reunion], du Petit-Thouars s.n. (holotype, b, herb. Willd.

10115).

C. spectabile Willd. Sitzungsber. Ges. Naturf. Fr. Berlin Mag. 5: 79. 1811;

Choisy, Mem. Soc. Hist. Nat. Paris 1: 228. 1823; Choisy in DC. Prodr.

1: 562. 1824, pro parte Mauritius; Sprengel, Syst. Veg. ed. 16. 2: 571.

1825; G. Don, Gen. Syst. 1: 622. 1831, pro parte; Bojer, Hort. Maurit. 52.

1837. Type: lie de France [Mauritius], du Petit-Thouars s.n. (holotype,

B, herb. Willd. 10116).

C. laticeolatiwi Bl. Bijd. 4: 217. 1825; Miq. Fl. Ind. Bat. 1(2): 511. 1859.

Type: described from cultivated material originating from Mauritius.

C. lanceolarium Roxb. Fl. Ind. ed. 2. [\V. Carey, ed.] 2: 608. 1832; Roxb. Hort.

Bengal. 41. 1814 et G. Don, Gen. Syst. 1: 623. 1831, nomi?ia; Hooker &
Arnott, Bot. Beech. Voy. 173. 1833; Wight, 111. Ind. Bot. 1: 129. 1840.

Type: described from cultivated material originating from Mauritius (bm).

C. inophyllum auct. non L.; Lamarck, Encycl. Meth. Bot. 1: 552. 1785, pro

parte Mascarenes; Baker, Fl. Maurit. 16. 1877, pro syn.

Tree 10-15 m. tall, to 25 cm. d.b.h. Terminal bud plump, 4-8 mm.
long, with short furfuraceous gray to brown indumentum; twigs hardly

flattened, 1.5-3.5 mm. across, ± 4-angled at first, soon with a variable

number of raised lines, young twigs drying brown to dark brown, slightly

older twigs grayish brown, glabrous or with sparse brown farinose indu-

mentum when young; internodes 0.5-2.7(-4.5) cm. long. Petiole {Q.7-)

1.1-2.5 cm. long, 1.3-3 mm. wide, ± V-shaped above, convex below, gla-

brous when mature; lamina elliptic, sometimes ovate to suboblong, (6.3-)

8-18.8 cm. long and (2-)3.4-5.5(-6.8) cm. across, ± acute at apex,

very rarely subrounded, (broadly) cuneate to acute at base, sometimes

narrowly decurrent, glabrous, or rarely with subpersistent brown farinose

indumentum on the midrib below, chartaceous to subcoriaceous, usually

drying greenish brown above and below, with light brown margins and

midrib, ± shiny, rarely dark brown on both surfaces, margin undulate,

slightly recurved, midrib above gradually narrowed from the base, de-
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pressed, 0.3-1.0 mm. across at the midpoint, becoming raised toward

the apex, below raised, ± striate, venation prominulous above and below,

raised, (5-) 7-1 2 veins/5 mm., angle of divergence 60-80°. Inflorescences

from foliate axils, 7-many-flowered, axis 3-1 1 cm. long, glabrous or with

sparse farinose indumentum on the lowest internode, basal internode

(0.2-)0.6-2.6 cm. long, usually unbranched, rarely with 3-flowered

branches to 2 cm. long; bracts unknown; pedicels (0.6-) 1.3-2.1 cm. long,

glabrous or almost so. Flowers hermaphroditic; tepals 7-9, fringed with

short hairs, the two outer tepals broadly ovate, 7.5-11 mm. long and

6.5-9.5 mm. across, thick, concave, inner tepals 11-17 mm. long and 4.5-

9 mm. across; stamens 200-355, filaments to 7 mm. long, connate for

up to 1 mm., anthers oblong, 1.5-1.9 mm. long, apex ± retuse; ovary

2-3 mm. long, glabrous; style 4.5-5 mm. long; stigma peltate, ca. 1.1

mm. across, 3-4-lobed. Fruit ovoid, 3.7-4.3 cm. long and 2-2.3 (-3.7)

cm. across, ± sharply pointed at apex, drying grayish to light brown,

deeply and sharply wrinkled; outer layer 2.5-4 mm. thick, compact and

rather hard; stone ovoid to ellipsoid, 1.8-2.6(-3.1) cm. long and 1.4-

2.1 (-2.5) cm. across, pointed at apex, wall 0.9-1.5 mm. thick, smooth

and unmarked, with a plug 4 (-8?) mm. across; spongy layer rather

prominent(?), up to 1 mm. thick.

Additional specimens seen. Mauritius: Deux Mamelles near Pieter Both,

510 m., Coode 4361 with Gueho & Lorence (somewhat similar to C. parvi-

florum; a, k) ; Montagne Blanche, etc. Boiiton s.n. (k, pro parte); Bel Ombre,
ca. 250 m., Coode s.n. 14 Nov. 1973 (fragmentary collection, a, k) ; Mt. Saint

Pierre, Barclay 1711 (k) ; Plaine Lievre, near road to Brise Far, MAU 14546

coll. Edgerley (mau); Crown Land Dangnell, near Port Louis, ca. 60 m., MAU
V/3160 coll. Vaughan (mau)

; Crown Land Vuilliman, near "Piton de Milieu,"

MAU 1385 coll. Vaughan (mau), MAU 16668 coll. Edgerley (mau); Crown
Land Cabinet, MAU 57 coll. Dul]eet (mau); halfway down new Cabinet Mag-
genta Road, 240 m., MAU 65 coll. Duljeet (mau); near Crown Land Riviere,

Tamarin Falls, MAU 16669 coll. Vaughan (mau) ; in sylvis vastis, Bojer s.n.

(k); sine loco, Sieber Fl. Maurit. 2, 110 (b, bm, k, p), S[_ieber] Fl. Mixta 116
(e), Commerson 149 (p), Commerson s.n. (bm, c, p, p-ju 11883), Bouton s.n.

(k, pro parte), Hornemann s.n. (c), MAU 1645, 2851, 3032 (all mau). Re-
union: Mare Longue, near St. Philippe, 500-600 m., Coode 4174 with Cadet &
Badre (a, k), 500-600 m., Coode 4175 with Cadet & Badre (a, k), 28175 SF
coll. Capiiron (p), Maillot & Jules 3 (p), 100 m., Cadet 3793 (reu), 400 m.,
Cadet 3844bis (reu); route de Tacamaca, 500 m., Friedmann 1548 (p) ; la

Montagne, 600 m., Cadet 613 (reu); Tremblet, near sea level, Coode 4966
with Cadet (k), St. Philippe, Cadet 563 (reu); hauts de Bras-Panon (la Caro-
line), 400 m., Cadet 4812 (reu); route National entre Basse Vallee et Vincendo
(St. Philippe), 100 m., Cadet 3521 (k); Passim, Cordemoy s.n. (p); sine loco,
Cordemoy s.n. (p), Commerson s.n. (p, p-ju 11881), Labillardiere s.n. (fi,

pro parte). Mascarenes(.>): sine loco, herb. Schumacher', comm. Jussieu (c).

Field characters. Outer bark smooth, yellowish or gray in patches,
brown on the under surface; under bark brownish red; inner bark pink,
paler toward the cambium. Latex yellow, clear, that from cut leaves
white. (Details from Coode 4174.)
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Ecology. Calophyllum tacamahaca usually grows in colline habitats,

sometimes on rocks (e.g., Barclay 1711, from Mauritius) or on recent

lava flows (e.g., Maillot & Jules 3, from Reunion); it has been collected

at altitudes of (O-)IOO to 600(-900) meters. It may grow in drier

places than C. eputamen and C. parvijlorum, although on Reunion it oc-

curs in the wettest place in the lowlands, which is wetter than anywhere
on Mauritius (Coode, pers. comm.). It has several times been collected

from disturbed or secondary vegetation. Flowering specimens have been
collected in February and March, and flowering is reported in April and
May as well by Bojer {loc. cit.)\ fruiting specimens have been collected

in May, October, and November. According to the field notes on Maillot

& Jules 3, the fruits have the taste of apricots.

Coode 4174 has galled leaves; the galls are pustular outgrowths of the

lamina, sometimes completely deforming it.

Germination. The radical emerges just to one side of the basal plug,

the stone where it emerges being about half the thickness of the rest of

the wall. The basal plug is pushed out, and the area of thin stone lost

during germination is of similar size and shape to that of the basal plug

and may also be delimited by a line of weakness. Three, four, or five

pairs of seedling leaves are produced, each pair separated by internodes

(0.5-)l-4 cm. long. The lowest pair of leaves, which is probably some-

times reduced, had been lost in two of the five seedlings seen. The seed-

ling has a prominently 4-angled stem. (Details from Coode 4175 and

MAU 2851.)

hauts." Calophyllum tacamahaca is a useful timber species.

Calophyllum tacamahaca is probably related to C. inophyllum, from which

it can be separated by its relatively longer terminal bud and narrower

twigs with shorter internodes, by its more narrowly elliptic or ovate lamina

with an acute apex and a midrib narrowing only gradually from the base,

and by its shorter pedicels, pointed fruits, etc. (see Table 1). The fruits

of both species dry sharply wrinkled and pale in color, and the method

of germination described above for C. tacamahaca is very similar to that

described for C. inophyllum (Stevens, 1974). Planchon and Triana {loc.

cit.) discuss the early history of the confusion between the two species.

It has been suggested that C. tacamahaca is no more than a variety of

C. inophyllum (Baker, loc. cit.; Vesque, loc. cit. 1893; Perrier de la

Bathie, 1951), but the differences noted above readily separate the two.

Numerous fruiting collections of Calophyllum inophyllum from all

over its range have been examined, and in nearly all the stone is spherical

and rounded at the apex (and base), although the fruits themselves may

have a stipe over 1 cm. long or be prominently pointed at the apex. A
few collections have slightly elongated stones, but the apex is rounded;

only one collection examined, bb 29896 (Forest Research Institute,

Buitenzorg), from the Moluccas, had an apiculate stone. The somewhat
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unfortunately named C. inophyllum var. takamaka Fosberg, from Aldabra,

agrees with typical C. inophyllum in all the respects discussed above.

Calophyllum inophyllum characteristically has a plug at the base of the

Calophyllum tacamahaca is also closely related

& H. Perr., from Madagascar. That

leaves which have rather denser venati

the apex and often attenuate/decurrent

smaller fruits with stones less than 0.7

are not great differences, further studies

of C. recedens.

C. recedens Jumelle

more slender twigs,

and which are acuminate at

the base, narrow tepals, and

i. thick (Table 1). As these

; needed to establish the rank

C. inophyllum C. tacamahaca C. recedens

Color of older twigs when dry mid-brown grayish brown mid-brown

Twig width (mm.) 3-5.5 1.5-3.5 1.5-2.8

Lamina apex rounded

rounded)

acuminate

Midrib on upper surface—
width at midpoint (mm.)

0.4-0.8 0.3-1 0.2^.35

Venation density (veins/5 mm,,) 5-8 (-10) (5-) 7-1

2

8-18

Lowest internode of

inflorescence (cm.)

0.2-0.5 (-0.9) (0.2-)0.6-2.6 0.7-1.7

Pedicellength (cm.) 1.5-5 (0.6-) 1.3-2.1 0.7-2

Fruit shape spherical to

ellipsoid

ovoid ovoid to

ellipsoid

Thickness of outer layer (mm. ) 1.9-2.3 2.5-4 1.6-2.5

Apex of stone rounded obtusely pointed rounded to

0.3-0.6Stone thickness (mm.) ca.l 0.9-1.5

The synonymy given above for Calophyllum tacamahaca is not definite.

The type specimen of C. tacamahaca, collected on Reunion, has narrow
petioles and a rather small, rigid lamina which has dried a greenish
brown. It represents the common form of the species. The type of C.
spectabile (from Mauritius) has rather thinner, larger leaves which have
dried a dark brown, and it is similar in this respect to Maillot & Jules 3,
from Reunion. Other dark-drying specimens are more like typical spe-
cimens of C. tacamahaca. The equation of C. spectabile with C. soulat-
tri Burm. f. would appear to stem from Willdenow's suggestion that
Rumphius's Bintangor sylvestris (= C. soulattri) was the same as C.
spectabile; this has been discussed on p. 182.



1976] STEVENS, CALOPHYLLUM 181

The original description of Calophyllum lanceolatum Bl. reads "ramulis
4-aedris, foliis oblongo-lanceolatis obtusis basi acutis." It was based on
material grown at Buitenzorg which originated from Mauritius, and it

seems to represent a specimen similar to that on which C. lanceolarium

Roxb. was based.

There is a specimen of Calophyllum lanceolarium Roxb. at bm which
is probably a type. On one sheet is written "C. lanceolaria" and "1811,"

with "x 19" below the 1811, and on another sheet is written "(illegible)

Jannet." Roxburgh (loc. cit. 1814) refers to Monsieur Jannet (see the

discussion under C. inophyllum above) as having sent this species to

Calcutta in 1810. The specimen at bm agrees with the description of C.

lanceolarium; it is possibly a sapling of C. tacamahaca, having short,

branched hairs on the terminal bud like those of that species. Two speci-

mens from Reunion, Cadet 613 and Cadet 4812, have especially prom-
inently angled stems; both were collected from small individuals {Cadet

613 — "arbuste de sous-bois"; Cadet 4812 — "un rejet"). The seedlings

of C. tacamahaca also have prominently angled stems. Although the

specimen of C. lanceolarium at bm also looks like C. apetalum Willd., an
Indian species, the hairs on the terminal bud seem to be only rarely

branched in the latter species.

Most of the specimens assigned to Calophyllum tacamahaca from both

Mauritius and Reunion are similar and match the type of C. tacamahaca.

However, specimens with broader petioles are common on Reunion but

very rare on Mauritius. Similar fruits are associated with specimens

matching the types of both C. tacamahaca and C. spectabile, as well as

with the broad-petioled specimens from Reunion.

Fruits preserved in formalin have been seen {Cadet 3793 and Cadet

3844bis). (Leaves associated with these specimens have not been seen.)

Although the fruits of Cadet 3844bis are immature, in both specimens

the stones are acute at the apex. The fruits of Cadet 3793 are ovoid, ca.

4.3 cm. long and 3.7 cm. across, and the surface is smooth. The outer

layer is ca. 5 mm. thick, and the stone, which is ca. 3.1 cm. long, 2.5

cm. across, and slightly larger than those of the other specimens seen

(cf. the description), has walls 1.3-1.5 mm. thick.

MAU 14546 has fruits similar to those characteristic of the species.

Although they are less deeply wrinkled (owing to their immaturity), they

have a prominent woody layer. However, the leaves are more coriaceous,

the apex of the lamina is subrounded, the midrib is prominent, and the

petiole is broad; as a result, the specimen approaches C. eputamen in ap-

The Identity of Calophyllum acuminatum

Calophyllum acuminatum Lamarck, Encycl. Meth. Bot. 1: 553. 1785.

The description of this species reads "CALOPHYLLUM acumine, Calo-

phyllum acuminatum. Calophyllum foliis ovato-oblongis, acutis, jructibus
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Bintangor sylvestris. Rumph. Amb. 2. p. 216. Tab,

72?" This description was based on dried material, as the mention "y. s.

en jr." at the end of the protologue confirms.

The specimen of Calophyllum acuminatum in Lamarck's herbarium at

Paris contains two elements, a leafy shoot of a species of Garcinia and a

fruit of a species of Calophyllum cut longitudinally. Lamarck's discus-

sion makes it probable that these are the elements on which he based his

C. acuminatum. He mentions the dull leaves of C. acuminatum with "ner-

vures moins fines" (hence with more distance between the veins) than in

those of C. inophyllum and C. calaba. His interpretation of these two lat-

ter species was unusual, but in his herbarium there is material of both of

these as they are currently interpreted. There is also material to be re-

ferred to C. tacamahaca, which he included in his concept of C. inophyl-

lum. The leaves of the shoot of Garcinia are dull, with venation more dis-

tant than that of the species of Calophyllum mentioned (as might be ex-

pected of a species of Garcinia). The fruit on the sheet is sharply pointed

at the apex and has a prominent and hard woody layer, agreeing well with

Lamarck's statement "ses fruits sont des noix ovales et acuminees."

Calophyllum acuminatum, when it has been mentioned at all, has gen-

erally been included in the synonymy of C. soulattri Burm. f. or of C.

spectabile auct. non Willd. The reason for this seems to be Lamarck's

mention of Rumphius's Bintangor sylvestris after his description of C.

acuminatum; Willdenow made a similar hesitant reference to Bintangor

sylvestris in his description of C. spectabile, where he also equated C.

spectabile with C. acuminatum ("scheint Lamarck's C. acuminatum die-

selbe Pfanze zu sein''), so again leading back to Bintangor sylvestris.

Choisy also thought that the three species of Calophyllum might be the

same (see, for example, 1824). Hasskarl (Abh. Naturf. Ges. Halle 9:

184. 1866), in his interpretation of Rumphius's names, equated Bintangor
sylvestris with C. acuminatum, C. soulattri and C. spectabile being syno-

nyms. However, the fruits of Bintangor sylvestris (C. soulattri Burm. f.)

are often subspherical and dry dark in color; the stone is thin, usually

less than 0.4 mm. thick. Planchon and Triana (1861) inadvertently

omitted any mention of C. acuminatum Lamarck, although they did in-

clude a later homonym, C. acuminatum Willd., which is a species of

Rheedia. Vesque (1893), the last monographer of Calophyllum, also

made no mention of C. acuminatum Lamarck. Another result of all this

confusion was that the name C. spectabile was used fairly generally until

about 1950 for the taxon properly called C. soulattri; not only are the

two names not synonymous, but C. soulattri, the earlier name, was often
cited as a synonym of C. spectabile.

Since Lamarck distinguished Calophyllum acuminatum from other
species of the genus on vegetative characters which were taken from the
shoot of Garcinia, it is proposed that C. acuminatum be typified by the
leafy shoot. The epithet ''acuminata'' is already occupied in Garcinia {G.

'
'. Planchon & Triana), and my knowledge of this difficult genus

» poor to suggest to which species the leafy element of C.



1976] STEVENS, CALOPHYLLUM 183

might belong. Calophyllum acuminatum was supposed to come from Java
and the Moluccas, and if Lamarck was correct in this and not confused
by his reference to Rumphius, the leafy shoot may come from this region

(see below).

The fruit of Calophyllum acuminatum, with its sharply pointed apex,

seems to have suggested Lamarck's specific epithet. The fruit probably
comes from what is properly called C. tacamahaca, a Mascarene spe-

cies(!). However, the fruiting element of C. acuminatum does not seem
to have been the main element in Lamarck's separation of his species, so

typification on this element would be unsatisfactory.

Additional Species Recorded

Bojer {loc. cit.) reported that Calophyllum calaba was cultivated at

the Jardin du Roi and at Reduit, but I have not seen any material from

either Madagascar or the Mascarenes referable to this species. The name
C. calaba was much confused in the early years of the nineteenth century.

The name is correctly applied to a species common in the Caribbean, in

Central America, and in parts of South America. This species is charac-

terized by its elliptic to suboblong lamina, which is usually rounded at

the apex, and by its shortly pedicelled, rather small flowers with relatively

very large anthers. Calophyllum calaba has been grown in both India

and Ceylon, and Bojer {loc. cit.) gave the place of origin as the Antilles,

so it is possible that it once was grown on Mauritius. The name C. calaba

has also been used for C. inophyllum and two species now called C. apeta-

lum Willd. (from India) and C. burmannii Wight (from Ceylon).
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MADISON & TIFFNEY, THE MONSTEREAE

THE SEEDS OF THE MONSTEREAE:
THEIR MORPHOLOGY AND FOSSIL RECORD

Michael Madison and Bruce H. Tiffney

The tribe Monstereae of the family Araceae includes some of the

most magnificent and characteristic of tropical lianas. The subdivision

of the tribe into genera, based largely on the placentation and septation

of the ovary, has been disputed for more than a hundred years, and re-

cent treatments indicate a continuing lack of consensus (e.g., Bakhuizen
van den Brink, 1958; Bunting, 1962; and Hotta, 1970). The present

paper reports the results of a study of seed morphology initiated to

clarify the generic limits in this group and to account for a number of

fossil seeds ascribed to one of the included genera.

Taxonomists working on the Monstereae in the past have neglected

seed morphology, except for Engler and Krause (1908), who used the

presence or absence of endosperm as a generic character. However, it is

apparent from various erroneous illustrations that they often did not

correctly interpret other features of the monsteroid seed, in particular

the path of the vascular bundle in the funiculus and raphe. Our pre-

liminary survey indicates that seed morphology is taxonomically useful

at the generic or specific level in the Monstereae as well as in other tribes

of the Araceae.

MATERIALS AND METHODS

This study is based primarily on specimens of about 70 species in the

herbaria of the Arnold Arboretum (a) and the Gray Herbarium (gh) of

Harvard University; additional reports in the literature bring the total

number of species investigated to about 80. This number is approximate,

because the tribe is sorely in need of revision and the specific identifica-

tion of specimens is often doubtful. Developmental studies in Rhodospatha

and Monstera are based on material collected in the wild and preserved

in formalin-acetic-alcohol (voucher specimens in gh). Developmental

studies in other genera are based on rehydrated herbarium material. Pub-

lished illustrations of the fossils have been examined, but not the fossils

themselves.

MODERN SEEDS

the seeds of the Monstereae there is a correlation between size, cur-

re, and relative abundance of endosperm. The range includes small

rved seeds with relatively abundant endosperm to large highly curved

i lacking endosperm. In this series six morphologically distinct types
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of seeds may be recognized. Each genus accepted by Engler and Krause

(1908) is constant for one of these types, but their genera are not all

separable by this character alone.

Seeds of a number of extant species are illustrated in Figures 1 to 47

;

the letters c, h, m, and r in Figures 1 to 6 refer respectively to the chalaza,

hilum, micropyle, and raphe. The term "ventral face" is here applied to

the side of the seed bearing the raphe, which faces the placenta or the

axis, while the "dorsal face" is directed either upward or outward.

Stenospermation Schott (Figures 1, 8, 9) is a neotropical genus

of about 20 species characterized by smooth, anatropous, subterete seeds

2-2.5 mm. long and 1 mm. in diameter. The seeds are flattened on the

ventral (raphal) surface and slightly dorsally inflated toward the chalazal

end. The adnate funiculus forms a ventral raphe visible as a dark line

leading to the chalazal end; the micropyle is dorsal to the hilum on the

flattened nucellar end. In the development of the seed the anatropous

ovule elongates but does not become curved. The embryo is straight and

fusiform, surrounded by abundant endosperm.

Rhaphidophora Hassk. (Figures 2, 10-20) includes about 60 species

occurring in West Africa, from Indomalesia to Samoa, and north to For-

mosa. The seeds are smooth, anatropous, subterete to ellipsoid, 1-3 mm.
long, and 0.5-1 mm. thick. The subterete specimens have a flattened

raphe-bearing ventral face similar to that of Stenospermation. In the

ellipsoidal forms (Figures 10, 14, 17), the ventral face is not flattened.

In general the seeds of Rhaphidophora are very similar to those of Steno-

spermation. In both of these genera the small size of the seeds is clearly

related to the large number of seeds per ovary, but even in those speci-

mens which set only a few seeds per fruit, the size and morphology of

the seeds remain characteristic of the genus.

Epipremnum Schott (Figures 3, 21-25) includes about 15 species

ranging from Indomalesia to Samoa and the :Marshall Islands. The
seeds are symmetrically to asymmetrically reniform, 3-7 mm. long, and
1.5-4 mm. across. The raphe passes from the hilum to the slightly in-

flated chalazal end along the concave ventral surface, often producing
a chalazal ostiole where it penetrates the testa. The micropyle, occasional-

ly represented by a small black hole (as in Figure 3), is situated on the

inner margin of the nucellar end dorsal to the hilum. The surface morph-
ology varies from smooth (Figures 22, 24) to rugose (Figures 21, 25).
In E. pinnatum (Figure 2i) the surface often but not always bears pits

in the hard seed coat; these and the epidermal cells of the testa are ar-

ranged in parallel rows following the curvature of the seed axis. The
curved embryo is embedded in endosperm.

Rhodospatha Poepp. & Endl. (Figures 4, 26, 27) comprises about
15 species of the neotropical mainland. The seeds are anatropous, reni-
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form to cordiform in outline and terete to slightly flattened in cross sec-

tion, 1-1.5 mm. wide, and about 0.5 mm. thick. The i\ne black raphe

passes from the narrowed and occasionally stalklike hilar end along the

strongly concave ventral face to the slightly inflated chalazal end (Fig-

ure 27); the chalaza appears as a black spot in specimens divested of

their outer testal layer. The micropyle is dorsal to the hilum on the

nucellar end. The dorsal margin of the seed is cristate, and in material

preserved in faa it exhibits radiating processes extending 1-2 mm. be-

yond the seed surface. During development of the seed, the ovule bends

about the raphe, giving rise to the curved condition of the mature seed.

Scindapsus Schott (Figures 5, 28-34) includes about 25 species

ranging from India and Sikkim to the Solomon Islands and one species in

South America. The anatropous seeds, 3-9 mm. long and 2-5 mm. wide,

vary in outline from broadly reniform (Figures 20, 30) to cordiform,

with those of S. officinalis almost horseshoe-shaped, the enclosed ventral-

ly directed space being covered by a membrane (Figure 31). In cross

section the seeds are round to ellipsoidal. The raphe passes along the

concave ventral surface from the hilum to the chalazal end, which in

some species (Figures 28, 30, 32) is longer than the nucellar end. In

S. officinalis (Figures 5, 31) the hilum is marked by an irregularly bor-

dered scar which overlies the chalazal end. The micropyle is dorsal to

the hilum and is subtended dorsally by a thickened ridge. The outer

surface is smooth (Figures 30, 32, 33) or faintly radially striate (Fig-

ures 28, 29, 31, 34). The developing seed is initially straight, but it

curves around the raphe as it grows. The embryo is macropodial and

endosperm is lacking.

Monstera Adanson (Figures 6, 7, 35-44), a neotropical genus of

about 25 species, has oblong-ellipsoidal to subglobose seeds 6-18 mm.
long and 4-12 mm. wide. The morphology of these seeds is best under-

stood by considering their ontogeny, as illustrated by M. dubia (Figure

7). The developing anatropous ovule is initially only slightly curved, but

in growth it reflexes about the funiculus, thereby causing the raphe to

follow an S-shaped course in the mature seed. The hilum appears

either as a small stalk (Figures 6, 7, 42) or as a depressed channel (Fig-

ures 35, 37-40, 43, 44). The micropyle is on the opposite side of the

hilum from the chalaza. The ontogeny of the seeds of most species is

culminated by growth in the dorsal direction, yielding a dorsoventrally

elongate shape. The smooth surface of the seed is frequently marked by

numerous light-colored raphide sacs embedded in the soft testa. The

embryo is macropodial and endosperm is absent.

Amydrium Schott (Figure 45) comprises four species of Thailand

and Malesia. In A. niagnificwn the seeds are subglobose to subreniform

in outline and approximately 7 mm. long by 9 mm. wide. In the ovule

the raphe curves well around the chalazal end, and with later growth
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both the chalazal and nucellar ends enlarge considerably and bend ven-

trally. In the mature seed the funiculus has become adnate to the testa

about one third of the way from the nucellar end, and the raphe arches

away from the seed above the ventral concavity before entering the

chalaza. The seed coat is smooth and is marked by light-colored raphide

sacs. The embryo is macropodial and endosperm is lacking. Nicolson

(1968) considered this genus to be close to Epipremnum, but the limited

material at our disposal suggests that its seed morphology is closer to

that of Monstera. In Amydrium, however, most of the seed elongation

is lateral rather than dorsal, with the consequence that the raphe is

shallowly instead of sharply S-shaped.

FOSSIL SEEDS

Tertiary carpological remains attributed to the Monstereae include

three genera and twelve species of seeds and spadices. These range in

age from the lower Eocene to the Pliocene and geographically from western

Europe through Central Asia, with one specimen reported from the south-

eastern United States. Comparison of these fossils with modern forms

suggests that only four species are assignable to the Monstereae. One
fossil may be referred to Anadendrum of the subfamily Pothoideae, three

more are assignable to the subfamily Lasioideae, and the remaining

species are of uncertain affinity. The necessity of comparing published

illustrations of these fossils with the modern seeds constrains us to sug-

gest affinities rather than to propose a formal taxonomic revision of the

fossil material, although such a revision seems appropriate in many cases.

This cautious attitude is reinforced by the possibility of unrecognized
similar seed morphologies in groups unrelated to the Araceae. Kirchheimer
(1957) has noted the similarity of seeds of Epipremnum to those of

species of the Leguminosae and Malvaceae.
The identification of the fossils is based on their morphological sim-

ilarity to modern forms and on the climatic affinities of the floras as-

sociated with the fossils. The extant Monstereae are primarily tropical.

The association of a putative fossil Epipremnum with a pronouncedly tem-
perate flora, particularly when coupled with an inappropriate morphology,
suggests the rejection of such a form from the Monstereae. In several
cases individual citations within a species are questioned without imply-
ing the potential rejection of that species.

Epipremnum crassum C. & E. M. Reid, Pliocene floras of the Dutch-
Prussian border. 71. pi 4, figs. 1-9. 1915. [Pleistocene].

DoROFEEV^P. I., Voprosy Geol. Vost. Okr. Russk. Platf. Yuzhn. Urala 5,

pl-3, figs. 3, 4. 1960. [Pliocene]
;
Dokl.

, figs. 14, 15. 1962. [Miocene] ; Problemy
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Botaniki 6: 50. pi. 2, fig. 3. 1962. [Miocene?]; Tretichnye flory Zapadi

Sibiri. [Tertiary floras of Western Siberia.] Izdat. Akad. Nauk SSS
133. pi. 16, figs. 13-16. 1963. [Miocene?]; Bot. Zhur. 51: 1481. 19i

[Miocene] ; Miotsenovaya flora Mamontovoi Gary Na Aldane. [T

Miocene flora of the Mammoth Mountain on the Aldan River.] Ak;

Nauk SSSR., Bot. Inst. V. L. Komarova. 57. text fig. 12; pi. 8, figs. 1-

1969. [Miocene]; Tretichnye flory Basseina r. Omoloya. [Tertiary flora

from Basseina on the River Omoloya.] Akad. Nauk SSSR. Vsesoyuznoe
Botanicheskoe Obshchestvo. 82. pi. 8, figs. 7, 8. 1972. [Tertiary].

NiKiTiN, P. A., Compt. Rend. Acad. Sci. URSS 3: 134. 1935. [Miocene-
Pliocene]

; The Pliocene and Quaternary floras of the Voronezh region.

Izdat. Akad. Nauk SSSR. 123. pi. 3, figs. 33-37. 1957. [Pliocene].

Reid, E. M., Bull. Soc. Geol. France IV. 20: 63. pi. 3, figs. 13, 15. 1920.

[Phocene]; Ibid. 23: 315. 1923. [Pliocene].

Vlerk, I. M. VAN DER, & F. Florschutz, Nederland in het Ijstijdvak. 76.

fig. 20. 1950. [Pleistocene].

Anatropous seed, about 3 mm. long and 2.5 mm. wide, reniform, re-

flexed approximately 120°-180°; chalazal and nucellar ends of equal

length, both rounded, the ventral hollow frequently covered so that the

ventral face appears almost flat (with the exception of that figured by
Dorofeev, 1969), the ventral face occasionally with a conspicuous round

protuberance; surface of the seed smooth to faintly pitted, perhaps from

raphide sacs.

The specimens of the fossil are morphologically similar to Epipremnum,
but they exhibit considerable variability, suggesting that the concept of

the fossil may encompass more than one species. In addition, the as-

sociated floras range from marginally subtropical to interglacial, sug-

gesting that some of the citations may not refer to seeds of Monstereae.

The type specimen and the specimens described by Dorofeev (1962b,

1963) possess a small but prominent ventral protuberance, a feature not

seen in any other fossil or modern Monstereae. However, Dorofeev (1963)

illustrated four seeds which apparently intergrade from forms possessing

this protuberance (Figure 16) to those lacking it (Figure 14). The
significance of this character remains unclear. Dorofeev (1969) illus-

trated in his text fig. 12 four forms, of which the one on the lower left

is possibly an aroid seed. The remaining three, as well as those illustrated

by Dorofeev (1960, fig. 4) and Van der Vlerk and Florschiitz (1951),

are distinct from any monsteroid or lasioid seed seen by us in their

deeply rounded shape and often flat, multiperforated ventral face and

should be excluded from the Araceae. The morphology of the remain-

ing seeds attributed to this species is best illustrated by Dorofeev (1962a)

but is too indistinct to permit certain referral to an extant species. These

seeds are most probably allied with the modern genera Epipremnum and

Scindapsus.

It is doubtful that Epipremnum could survive the rigors of a Euro-

pean glacial period by migrating over the Alpine system, and the sped-
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mens described by Reid and Reid (1915) and Van der Vlerk and

Florschiitz (1951), already considered dubious on morphological grounds,

are of interglacial age. Dorofeev (1960) and Nikitin (1957) described

E. crassum from deposits particularly poor in thermophilic East Asian

elements, suggesting that these specimens, although morphologically ac-

ceptable, are also suspect. The remaining floras, although not tropical,

are warm-temperate to marginally subtropical and are conceivably ca-

pable of supporting Epipremnum.

Epipremnum ornatum E. M. Reid & M. E. J. Chandler, The Bem-

st. 83. pi. 4, figs. 24, 25. 1926.

Epipremnum ornatum Reid & Chandler.

Dorofeev, P. L, Dokl. Akad. Nauk SSSR. 101: 941. pi. 1, figs. 5, 6. 1955.

[Tertiary]; Sbornik Pamya. A. N. Krystofovich, Akad. Nauk SSSR.

Bot. Inst. V. L. Komarova. 301, tab. 2, figs. 17-19. 1957. [Tertiary];

Dokl. Akad. Nauk SSSR. 123: 173. 1958. [Oligocene] ;
Ibid. 123: 543.

1958. [Oligocene]; Ibid. 127: 1104. 1959. [Oligocene]; Tretichnye

flory Zapadnoi Sibiri. [Tertiary floras of Western Siberia.] Izdat. Akad.

Nauk SSSR. 131. pi. 16, figs. 17-21. 1963. [Tertiary]; Bot. Zhur. 51:

1481. pi. 1, fig. 42. 1966. [Miocene]; Tretichnye flory Basseina r.

Omoloya. [Tertiary flora from Basseina on the River Omoloya.] Akad.

Nauk SSSR., Vsesoyuznoe Botanicheskoe Obshchestvo. pi. 8, fig. 9. 1972.

[Tertiary].

KoLESNiKOVA, T. D., Bot. Zhur. 45: 118. pi. 1, fig. 2. 1960. [Miocene];

Ibid. 46: 126. pi. 1, fig. 4. 1961. [Miocene].

Nikitin, P. I., Akvitanskaya Semennaya flora Lagernogo Sada (Tomsk).

Izdat. Tomskogo Universiteta. 63. pi. 7, figs. 5-9. 1965. [Tertiary].

Rhaphidophora ornata (Reid & Chandler) Chandler, Bull. Brit. Mus. Nat.

Hist. Geol. 6{2>): 364. 1963. [Oligocene].

Anatropous seed, 2-2> mm. long, approximately 2.2 mm. wide, reniform,

reflexed 90°-160°; tapered nucellar end truncate and in lateral view

longer than the rounded chalazal end; seed surface smooth.

These small, smooth seeds appear in both size and shape to belong to

one species, although the illustrated type (Reid & Chandler, 1926) is a

particularly poor specimen. The morphology and the frequent presence

of small pits (perhaps indicative of raphide sacs) place this form, in our

opinion, close to the extant species Epipremnum pinnatum of southeastern

Asia and Oceania. Chandler (1963) places these fossils in the genus
Rhaphidophora, remarking that "the uniform spongy equiaxial cells

throughout the testa in the species are not fully in accord with the

structure of Epipremnum as shown by Kirchheimer (1957, pi. 12, fig.

54a) and it seems probable that these seeds should be referred to the

related genus Rhaphidophora (Dorofeev ex lit. 9.5.59)." Though the

anatomy of these fossils may be at variance with that of modern E. pin-

natum, their external morphology definitely excludes them from the genus
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Rhaphidophora. This anatomical dii^erence may arise from ecotypic

variation or evolutionary modification, or it may represent a species-level

distinction. With the exception of that reported by Kolesnikova (1960),

the floras associated with this species are of a subtropical to warm-tem-

perate East Asian affinity. While these floras do not entirely support the

identification of the species, they do not disqualify it either.

Dokl. Akad. Nauk SSSR. 168:

_„. ,.. _, ,3-- . ..
^e]; Paleontol. Zhur. 2: 248. pi.

17 figs. V, h. 1968. [Oligocene] ; Tretichnye flory Urala. [The

Tertiary floras of the Ural.] Akad. Nauk SSSR., Bot. Inst. V. L.

Komarova. 34. pi. 5, figs. 4-6. 1970. [Oligocene].

Anatropous seed. 2 X 2 mm., reniform, reflexed 140°-180°; nucellar

end tapered and truncate, the chalazal end broadly rounded, and m lateral

view the nucellar end longer than the chalazal end; surface smooth or

The morphology of this seed is close to that of Scindapsus, particular-

ly 5. rupestris (Figure 32). No further data are available to support

this similarity, and the fossil might easily represent a separate or extmct

species. The associated floras reflect a warm-temperate East Asian aspect,

and (especially in Dorofeev, 1970) they may represent a mountainous flora

within a generally warmer climate not unlike that of the present lower

slopes of the Himalayas. The Mid to Late Oligocene has been mterpreted

as a period of expansion of the paleotropical elements of the European

Tertiary, and it is not inappropriate to find members of the Monstereae

in this type of flora.

Epipremnum species C. & E. M. Reid, Pliocene floras of the Dutch-

Prussian border. 72. pi. 4, figs. 13, 14. 1915. [Pleistocene].

Anatropous seed. 1.3 mm. long. 2.2 mm. wide, reniform. reflexed 140 ^-

180°; chalazal and nucellar ends of equal length, rounded; smooth sur-

face faintly pitted, indicating raphide sacs.

With the exception of its smaller size, this fossil is an exact replica of

the seed of Epipremnum pinnatum of the modern flora, but its presence

in an interglacial deposit (Van der Hammen, 1951) makes it highly suspect.

We retain it in this section of the discussion solely on the basis of the

striking morphological similarity, but we suggest that it represents an

unrecognized form masquerading as a monsteroid seed.

Species Assignable to the Pothoideae

Rasky, Ann. Hist.-Nat. Mus. Hungar. 56:

Oligocene]

.

This well-preserved impression is a 2.5 cm. long and 1.2 cm. wide frag-
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ment of a spadix possessing perfect flowers with a large central stigmatic

region enclosed by a fused and reduced perianth. These characters sug-

gest the Asian genus Anadendrum, to which fossil remains should perhaps

be referred. Anadendrum is intermediate between the subfamilies Mon-

steroideae and Pothoideae, and, although Hutchinson (1959) referred

it to the Monstereae, we follow Engler and Krause (1908) in referring

it to the Pothoideae. The associated flora is subtropical and supports

the generic assignment.

ipremnum cristatum P. A. Nikitin. Akvitanskaya flora Lagernogo

Sada 7: 11-14. 1944. [not seen; cited by Dorofeev. 1952]: Akvi-

tanskaya Semennaya flora Lagernogo Sada (Tomsk). Izdat. Tomsko-

go Universiteta. 64. pi. 7, figs. 10-14. 1965. [Tertiary].

BuzEK, C., & R. Holy, Shorn. Geol. Paleontol. 4: 126. pi. 6, figs. 10-13.

1964. [Miocene].

DoROFEEV, P. I., Bot. Zhur. 37: 854. pi. 2. figs. 13, 14. 1952. [Pliocene];

Dokl. Akad. Nauk SSSR. 123: 173. pi. 1, fig. 8. 1958. [Oligocene]

;

Ibid. 127: 1104. 1959. [Oligocene]; Ibid. 144: 650. 1962. [Miocene];

Tretichnye flory Zapadnoi Sibiri. [Tertiary floras of Siberia.] Izdat.

Akad. Nauk SSSR. 132. pi. 16. figs. 9-12. 1963. [Tertiary]; Bot. Zhur.

51: 1481. pi. 1, fig. 43. 1966. [Miocene].

KoLESNiKOVA, T. D., Bot. Zhur. 45: 119. pi. 1. fig. 3. 1960. [Miocene];

Ibid. 46: 126. pi. 1. fig. 3. 1961. [Tertiary].

Palamarev, E., Bulgar. Akad. Wiss. Mitt. Bot. Inst. 20: 61. pi. 6, fig. IS;

pi. 7, fig. 1. 1970. [Miocene-Pliocene].

SzAFER, W., Instyt. Geol. Prace. 33: 93. pi. 25, figs. 3-5. 1961. [Miocene].

Carpolithus cristatus (Nikitin) D. H. Mai, Palaontol. Abhandl. B. 2: 53.

text fig. 10; pi. 4, figs. 24. 25; pi. 6, fig. 12. 1964. [Miocene].

Anatropous seed, 2.5-3.5 mm. long, 1.5-2.5 mm. wide, reniform, re-

flexed 90°-140°
; chalazal end lower than the nucellar end in lateral view,

the nucellar end flattened, the chalazal end tapered, both ends often bear-

ing spines; dorsal and lateral faces bearing parallel ridges capped with

strongly protuberant spines.

These distinctively spinose seeds are widely reported from the Tertiary
of Europe and western Asia. With the exception of those illustrated by
Palamarev, all of the figured forms definitely belong to the same specific

entity. The seeds of Epipremnum cristatum do not resemble those of any
extant species in the genus Epipremnum or those of any other monsteroid
form seen by us. The prominent parallel rows of dorsal tubercles and
the wide, flattened nucellar end are shared with a number of genera in

the subfamily Lasioideae of the Araceae, including Dracontioides, Dra-
contium, and Cyrtosperma. Dorofeev (1963) has noted that E. cristatum
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is only nominally assigned to Epipremnum and probably conforms more
closely to Cyrtosperma. The exact disposition of E. cristatum, as with the

following two species, must await an investigation of the seeds of the

Lasioideae. The seed illustrated by Mai (1964) conforms to the morph-
ology of Epipremnum cristatum, although he has labeled what is prob-

ably the chalazal end as the hilum.

The associated floras exhibit subtropical to warm-temperate affinities,

with the exception of the flora described by Dorofeev (1952), which is

cool-temperate. Although the Lasioideae are primarily tropical, some
genera (e.g., Amorphophallus) extend as far north as Japan. The possible

derivation of the forms of the European Tertiary from these northern

species should not be overlooked.

Epipremnum rugosum P. I. Dorofeev, Dokl. Akad. Nauk SSSR. 137:

924. pi. 1, fig. 18. 1961. [Oligocene]; Tretichnye flory Zapadnoi

Sibiri. [Tertiary floras of Western Siberia.] Izdat. xAkad. Nauk
SSSR. 132. pi. 16, figs. 1-8. 1963. [Tertiary].

Anatropous seed, approximately 3.8 X 3.5 mm., irregularly reniform;

nucellar end flattened, the chalazal end tapered, and the two ends of

approximately the same length in lateral view; dorsal surface showing

numerous low, irregularly distributed small to large diameter tubercles.

The parallel rows of dorsal rugosities and the flattened nucellar end

place the fossil in the subfamily Lasioideae, and Dorofeev (1963, p.

132) has noted that ''this species is close to Epipremnum cristatum Niki-

tin, but it is undoubtedly independent. Perhaps it is another genus, for

example, Cyrtosperma." This determination is only weakly supported by
the warm-temperate, partly East Asian affinities of the associated floras.

Epipremnum visimense P. I. Dorofeev, Tretichnye flory Urala. [The

Tertiary floras of the Ural.] Akad. Nauk SSSR., Bot. Inst. V. L.

Komarova. 35. text fig. 2; pi. 5, figs. 1-3. 1970. [Oligocene].

Anatropous seed, about 2X2 mm., irregularly reniform, reflexed about

90°; nucellar end longer than the chalazal end in lateral view, the nucellar

end flat, the chalazal end broadly rounded; two(?) low dorsal and two

low dorsolateral mildly serrate ridges appearing as the only gross sculp-

The affinities of this species lie with the subfamily Lasioideae, as in-

dicated by the parallel dorsal and dorsolateral ridges and the broadly

flattened nucellar end. Dorofeev (1970, p. 36) notes that the seed is only

provisionally attributed to Epipremnum and is probably closer to Cyrto-

sperma. Epipremnum visimense is distinguished from E. rugosum and E.

m by its neatly parallel rows of low dorsal protuberances, in con-

the unevenly distributed dorsal protuberances and larger size of
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E. rugosum and the parallel but longer dorsal spines of E.

presumed affinities of this seed with the Lasioideae are compatible with

the warm-temperate to subtropical East Asian nature of the fossil floras

with which it is associated.

parisiensis P. H. Fritel, INIem. Soc. Geol. France Paleontol.

40: 28. text. fig. 15; pi. 3, fig. 1. 1910. [Eocene].

Araceaeites fritelii E. W. Berry, U. S. Geol. Surv. Prof. Paper 91:

175. pi. 114, figs. 3, 4. 1916. [Eocene].

The genus Araceaeites was proposed for fossil spadices of Araceae and

includes material of diverse affinities. We have already noted the sim-

ilarity of A. hungaricus to the extant genus Anadendrum. The small

(46 X 6 mm.) spadix of A. parisiensis figured by Fritel is compared by

him to that of the modern genus Spathiphyllum. Though he mentions

and figures what is probably the stigma of each flower, no mention is

made of a possible perianth. The small size suggests Spathiphyllum or

Rhaphidophora or even Monstera. Though apparently in the Araceae,

the exact affinities of this specimen remain obscure. Araceaeites parisiensis

is from the Lower Eocene of the Paris Basin and is associated with a

strongly subtropical to tropical flora with East Asian affinities.

Araceaeites fritelii of the Eocene of the southeastern United States is

so poorly preserved that it defies identification on the basis of published

illustrations at ranks below the family level. The climate of the Eocene

of the southeastern United States is characterized by Dilcher (1971,

p. 18) as a "seasonally dry to slightly moist moisture regime and an

equable warm temperate to cool subtropical temperature regime."

Acoropsis minor H. Conwentz, Die Flora des Bernsteins, II. Die Angio-

spermen des Bernsteins. 12. pi. 1, figs. 14-17. 1886. [Eocene].

This fructification has been variously referred to Carex (Goeppert &
Menge, 1853), Acorus (Araceae, Pothoideae; Conwentz, 1886), and the

Monstereae (Bogner, pars. comm.). Kirchheimer (1957) felt that it lacked

sufficiently distinctive characteristics to warrant identification, but ex-

amination of the illustrated material does suggest affinity with the Mon-
stereae. The reader is referred to Bogner's forthcoming paper (in manu-
script).

(Chandler) Bogner, Taxon 22: 321
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Campylospermum hordwellensis M. E. J. Chandler, The Upper Eocene flora

of Hordle, Hants, I & II. Palaeontographical Sec. London. 16. text. fig. 4;
pi. 1, fig. 6a-c. 1925 & 1926. [Eocene].

A seven(?)-seeded, thin-walled berry, with parietal placentation ac-

cording to Chandler, 4 X 3.5-5 mm., the seeds 4 X 2 mm., reflexed

approximately 180°; nucellar end longer than the chalazal end in lateral

view, both rounded; surface of the seed obscured by the berry, but the
raphal path on the arcuate ventral face clear.

This several-seeded berry

Campylospermum, which is a later homonym c

The required new name was supplied by Bogner in 1973. The form of t

seed suggests that the species belongs to the Monsteroideae or Lasioideae,

but the available characteristics do not allow any further distinctions. The
affinity implied by the name Cyrtospermites is unfortunate, since the seeds

possess no characteristic that definitely links them to the modern genus

Cyrtosperma. The associated flora is tropical to subtropical, with strong

East Asian affinities.

Epipremnum reniculum (Ludwig) F. Kirchheimer.

DoROFEEV, P. I., Bot. Zhur. 45: 1419. pi. J, figs. 5, 6. 1960. [Oligocene]

;

Nizhni! Pleistotsen Lednikovykh Raionov Russkoi Ravniny. Akad. Nauk
SSSR. Kom. po Izuch. Chetvertichnogo Perioda. pi. 2, figs. 13, 14. 1967.

[Pleistocene]

.

Cytisus renicidus Ludwig, Palaeontographica B. 5: 101. pi. 20, fig. 21. 1857.

[Pliocene].

Carpolithtis reniculiis (Ludwig) P. Menzel, Jahrb. Preussisch. Geol. Landes-

anstalt 34: 19. pi. 1, fig. 37. 1913. [Oligocene].

Kirchheimer, F., Das Hauptbraunkohlenlager der Wetterau. 36. pi. 9,

figs. 7-10. 1934. [Pliocene]; Die Laubgewachse der Braunkohlenzeit.

113, 348. pi. 12, figs. 53, 54. 1957. [Oligocene].

Mai, D. H., Palaontol. Abhandl. B. 2: 53. pi. 4, figs. 26, 27. 1964. [Miocene].

Carpolithus reniformis V. Fritsch, Jahrb. Preussisch. Geol. Landesanstalt 5:

437. pi. 26, fig. 26. 1884. [Pliocene].

Anatropous seed, 2.5 mm. long, 1.5-2 mm. wide, reniform to cordate,

reflexed 120°-160°, the ventral hollow small or lacking, giving the seed

a rounded appearance, the round to slightly flattened nucellar end as long

as the round to tapered chalazal end in lateral view; surface smooth.

The systematic placement of this species is uncertain. Although Doro-

feev (1960) accepted it as Epipremnum, Kirchheimer (1957) referred it

to the form genus Carpolithus, noting its strong resemblance to the seeds

of Kitaibelia vitifolia (Malvaceae) and Cytisus (Leguminosae). Simul-
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taneously he enlarged the species concept to include the fossils described

as E. crassum Reid & Reid.

The size, general outline, prominent micropyle, and external pitting

of many of these fossils does suggest Epipremnum, but the fossils do not

closely match the seeds of any extant species. Those illustrated by Mai

(1964) are interpreted by him as possessing a micropyle and hilum on

opposite ends of the seed; if this is correct, the fossil is definitely ex-

cluded from the Monstereae. Kirchheimer's (1957) sections of modern

Epipremnum pinnatum reveal a thin-walled testa composed of elongate

sclereids, whereas the fossil possesses a thick testa of isodiametric ones.

The floras accompanying these fossils range from subtropical to inter-

glacial. The anatomical distinctions and the varied climatic relations of

this species suggest that few, if any, of its assigned members belong to

the Araceae.

Epipremnum sp. 3? P. A. Xikitin, Akvitanskaya Semennaya flora Lager-

nogo Sada (Tomsk). Izdat. Tomskogo Universiteta. 65. pi. 7, jig. 15.

1965. [Tertiary].

This small (1.62 X 1.04 mm.) seed is the wrong shape to be that of a

modern Epipremnum, and it possesses a medial perforation not seen in the

seeds of any of the modern species. It may be excluded from the genus

and perhaps from the family.

Aracispermum Nikitin.

A genus comprising at least six species, with ovoid to elongate-ovoid

orthotropous seeds ranging from 1 to 4 mm. in length and 1 to 2 mm. in

diameter; seeds externally smooth or longitudinally furrowed, the base

rounded to pointed and the apex with a conical depression leading to an

internal cavity.

Mai (1964) observed that the characters of these seeds, particularly

of the central cavity and the apical "micropylar canal," suggest the fam-
ilies Araceae or Zingiberaceae. However, both he and Lancucka-§rodoniowa
(1966) note that no comparable modern genus is known. We cannot offer

suggestions as to the identity of these seeds, but they can definitely be

excluded from the Monstereae.

DISCUSSION

eae there is a correlation of seed size, ;

lance of endosperm, ranging from small uncurved seeds

idospeini to large, highly curved seeds lacking endo-
m to represent a simple allometric series, although the
it ha are somewhat smaller than would be expected for

-\ature in the context of the tribe as a whole, and those



1976] MADISON & TIFFNEY, THE MONSTEREAE 197

of Amydr'ium are somewhat larger. The extant genera occupy discrete in-

tervals in this series, and seed morphology is a useful generic character,

particularly in separating Rhaphidophora, Epipremnum, and Monstera,
many species of which are very similar in other respects.

The curvature of the seeds appears to be a consequence of the slower

growth of the funiculus and raphe in relation to the elongation of the

rest of the seed. Large Monstera seeds require a year to develop; it is

not surprising that the heavily vascularized raphe cannot continually

elongate during that time. The static length of the raphe coupled with

the continuing growth of the rest of the seed in the confines of a narrow
ovary necessarily results in curvature of the seed about the raphe.

The presence or absence of endosperm in the mature seed seems to de-

pend on the relative growth rates of the embryo and endosperm. In large

seeds the relatively faster growing embryo consumes the endosperm by
maturity, whereas in smaller seeds the embryo growth rate is slower and
maturity is achieved prior to the consumption of the endosperm. In the

developing Monstera seed the endosperm is initially dominant, but the

developing embryo soon consumes the endosperm at a more rapid rate

than it is produced. By the time the seed has become curved, but prior

to the initiation of dorsal elongation, the endosperm constitutes about one

fifth of the volume of the seed. This remaining endosperm is consumed
during the final dorsal elongation. The possibility of a neotonic deriva-

tion of Epipremnum-like forms from Monstera must be discounted. In

Epipremnum the embryo is axile and surrounded by a sheath of endo-

sperm, whereas in Monstera all of the endosperm at the nucellar end is con-

sumed during the early stages of growth and the embryo then contacts

the endosperm on only one face as the seed curves and enlarges.

The fossil seeds which we accept as Epipremnum readily fit into the

morphological sequence evident in the extant species of Monstereae. In

addition, they resemble modern species of Epipremnum in the pitting of

the surface. However, the associated vegetative or fruiting remains neces-

sary for an unequivocal generic identification of these fossils are lacking,

and the possibility exists that some modem group unrelated to the Araceae

may be found to have a similar seed morphology.

The considerable geographic and stratigraphic range of these fossils

is worthy of note. The low number of described Eocene Araceae is surpris-

ing in view of the known Eocene maximum of paleotropical elements in

the European flora (Mai, 1965; Reid & Chandler, 1933). The greatest

number of coexisting species of fossil Araceae (seven) occur in the Oli-

gocene, concomitant with the last major advance of the paleotropical

flora into Europe (JNIai, 1965). This number drops to three species at

the Oligocene-lVIiocene border with the commencement of the retreat of

the thermophilic floras. The "warm temperate, subtropical and rather

humid" climate suggested by Schwarzbach (1966) for the European Late

Oligocene to Mid Miocene gave way to increasing cooling and aridity in

the Late IVIiocene and Pliocene, presumably causing the retreat or ex-

tinction of tropical Araceae from Europe.



JOURNAL OF THE ARNOLD ARBORETUM

The present-day distribution of the Monstereae is primarily neotropical

and Indomalesian, with two species in West Africa, and it ranges from

27° south latitude to 28° north latitude. The most nearly extratropical

members of the tribe are Rhaphidophora and Scindapsus, which ascend

to 2000 m. in the Himalayas, and Monstera, which in northern Central

America occurs in cool forests at 2500 m. Monstera deliciosa persists

in subtropical Florida, although it is not native there. The floras associated

with the fossil Monstereae range from tropical and subtropical to warm-

temperate. While these floras are not altogether incompatible with the

ecological tolerances of modern Monstereae, they suggest that some of the

fossilized forms may represent individuals at the edge of their range. It

is also conceivable that extinct Monstereae had a wider ecological ampli-

tude than modern species.

Engler and Krause (1908) proposed that the neotropical Monstereae

were derived from the paleotropical forms. The existence of seeds of this

tribe in European and Siberian Tertiary deposits as far as 50° to 55° north

latitude suggests that the group once had a more cosmopolitan distribution

than at present. The paucity of reported New Worid fossil material may
reflect less intensive sampling or the absence of the family in the Paleogene

of the New World. If future work reveals North American fossil material,



1976] MADISON & TIFFNEY, THE MONSTEREAE 199

then the similarities of the African and South American forms could be

ascribed to a common derivation from a Paleogene Boreotropical flora, in

keeping with Wolfe's (1975) hypothesis. If, however, the tribe is absent

from the New World Paleogene, the present day paleotropical forms might

have been derived from a common European-Asian Paleogene Boreotropical

flora, and the South American forms might subsequently have been de-

rived from the African ones.
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EXPLANATION OF PLATES

Figures 1-6. Representative seeds of six extant genera of the tribe Mon-
stereae; lateral and ventral views: 1, Stenospennation sp., Ecuador, Madison
908 (gh), X 10; 2, Rhaphidophora monticola, Philippines, Wenzel 1160 (gh),

X 9; 3, Epipremnum phmatum, Hainan, Ko 52235 (gh), X 4.5; 4, Rhodo-
spatha sp., Colombia, Schidtes & Cabrera 18958 (gh), X 13; 5, Scindapsus
officinalis, Thailand, Nicolson 1683 (a), X 3; 6, Monstera dubia, Colombia,
Madison 826 (gh), X 2. (c = chalaza; h = hilum; m = micropyle; r = raphe.)

Figure 7. Developmental stages in the growth of the seed of Monstera dubia,

Colombia, Madison 826 (gh), X 2; lateral view.

PLATE II

Figures 8-34. Seeds of Stenospermation, Rhaphidophora, Epipremnum,
Rhodospatha, and Scindapsus: 8, Stenospermation sp. Ecuador, Madison 908
(gh), X 7.5; 9, 5. sessile, Panama, Duke & Dwyer 13969 (gh), X 7.5; 10,

Rhaphidophora affinis, Burma, Dickason 5017 (gh), X 7.5; 11, R. bidusanensi,
Philippines, Elmer 16790 (gh), X 7.5; 12, R. decursiva, Laos. Poilane 20636
(a), X 7.5; 13, R. gra?tdis, China, Wang 74405 (a), X 7.5; 14, R. grandis, New
Hebrides, Kajewski 830 (a), X 7.5; 15, R. monticola, Philippines, Wenzel 1160
(GH), X 7.5; 16, R. reineckei, Samoa, Bryan 115 (gh), X 7.5; 17, R. trinerva,
Philippines, Elmer 18057 (gh), X 7.5; 18, R. yimnanensis China, Wang
74120 (a), X 7.5; 19, Rhaphidophora sp., Thailand, Nicolson 1655 \x), X
7.3; 20, Rhaphidophora sp., Burma, Dickason 7823 (a), X 7.5; 21, Epi-
premnum amphssimum, W. New Guinea, Van Royen 3123 (a), X 3; 22, E. ele-

iians. Solomon Islands, RSS 2330 (a), X 3; 23, E. pinnatum, Hainan, Ko 52235
(GH). < 3; 24. E. pinnatum, Solomon Islands, Brass 2755 (a) X 3; 25, Epi-
pn-mnnm sp., New Guinea, Hartley 10259 (a), X 3; 26 Rhodospatha sp., Co-
lombia. Schultes & Cabrera 18958 (gh), X 7.5; 27, 'i?. latifolia, Ecuador,
Madison 921 (gh), X 7.5; 28, Scindapsus altissimus, Papua, Brass 8185 (a),

X 3: 29, 5. hederaceus, Sumatra, Bangham 1271 (gh), X 3; 30, S. maclurei,
Thailand, Nicolson 1642 (a), X 3; 31, S. officinalis, Burma, Dickason 5510

,^S. rupestris, Borneo, Clemens 31094 (a), X 3; Zi, S. subcor-
34, Scindapsus sp., Papua, Brass 13031
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PLATE III

stera aciwiniata.' Mcxko. \fddisoH ITdiiou). X 2:^ 06. [\L\id'iHsonii xc^r. huZ'-
ta, Colombia. Mudi.uui M<; (cir), X 2; 37. M. dcliciosa. Ciuatcmaia, Madison
657 (GHi. > 2; .vs. M. dilaccrata. Coloml)ia. Madison 1213 (gh). X 2: 39,
-1/. diibia. Ktuador. .1/,/,//m;« yii5 (gid. X 2; 40, M. kchlerana. Colombia,
Madison 871 (ghi. v 2: 41. M. memhranacea. Costa Rica. Madison 738 (gh),

X 2; 42, M. pnnctidata. Mt-xico. Madison 633 (gh), X 2; 43. i/. siltepecana,

Guatemala. Madison ^01 u:u). X 2; 44. J/, tuberculata, Costa Rica. Madison
752 (GH,. - 2; 45. Amydnitm niagnificnm, Papua, iJra:?:? 25075 (a), X 2.5; 46,

////«i. \'ie( Nam. /-^o/Az^c 6384 (a). X 2.5.

FrcrKKs 48-51. Araccous fossil seeds from Ru.^sian Tertiary deposits: 48,

Epipremnum oniatiim Reid & Chandler. In: A. L. Takhlajan. ed., Osnovy
palooTitologii. [Fundamentals of paleontology.] \ol. 15. Acad. Sci. SSSR. Mos-
cow. 632. iig. 398d. 1963. [Tertiarv], X 4.2; A^). Epipremnum cristatum

Xikilin. In: Ibid. fig. 39Sb. 1963. [Tcrtiarv], X 4.2; 50. Epipremnum visimense

P. I. Dorofccv, Tretichnye llory Urala. [tertiary floras of the Ural.] Botanical

Institute \'. L. Komarova. ZS. tig. 2. 1970. [Oligocene], X 7.3; 51. Epiprem-
num crassum C. & E. M. Reid.'

' "
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ROBERTSON, HAEMODORACEAE

THE GENERA OF HAEMODORACEAE IN THE

SOUTHEASTERN UNITED STATES ^

Kenneth R. Robertson

HAEMODORACEAE R. Brown, Prodr. Fl. Nov. Holland 1:

Perennial [or rarely annual] , rhizomatous and often stoloniferous herbs;

above-ground stem simple, terminating in an inflorescence; roots fibrous;

sap often red or orange. Stems, inflorescence branches, and floral tubes

often covered with simple [branched or glandular] trichomes. Leaves al-

ternate, mostly basal. Iris-like, linear [or narrowly elliptical], flattened

[or subcylindrical], 2-ranked, sheathing below, folded lengthwise above,

with the folded portions becoming fused together (see Figure 2, b-e).

Inflorescences much-branched, many-flowered, loose or condensed cymes

or corymbs [panicles or racemes, rarely solitary flowers] termmatmg the

aerial stem and exceeding the leaves; bracts present, often conspicuous

and persistent. Flowers regularly [or irregularly] symmetrical, 3-merous,

the insertion of the perianth and androecium epigynous, perigynous [or

hypogynous]. Tepals 6 in 2 whorls [or 1 whorl], ± equal to unequal,

free to level of insertion on the ovary [or united into a tube that may

be split along one side], valvate in aestivation, persistent m fruit. An-

droecium of 6 or 3 stamens [or some reduced to staminodes]
;

filaments

elongate [or very short], free to level of insertion on ovary [or adnate

to perianth tube] ; anthers 2-loculate, basifixed, dehiscing introrsely by

longitudinal slits, often basally sagittate [sometimes also apiculate]
;

tape-

tum amoeboid; pollen grains produced successively. Gynoecium of 3

united carpels; ovary inferior or half-inferior [or superior], 3-locular with

BMS74-21469 (CarroU E. Wood, Jr., pnn

the format established in the first paper

346. 1958). The area covered includes :

Florida, Tennessee, Alabama, Mississippi,

South Carolina, Georgia;

.ouisiana. The

, with supplementa

fCaren S. Velmure drew the pi

ected by R. E. Umber and r

I want to thank Professor ^

nformation about the correct
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axile placentae or 1-locular with parietal placentae above and 3-locular

with axile placentae below; style 1, undivided [or 3-parted above],

elongate [to short]; stigmatic area terminal, very small; ovules ortho-

tropous or anatropous, crassinucellar, few [or 1] or numerous in each loc-

ule, arranged in vertical rows or around the margin of a peltate placenta

[or covering it]. Fruit a loculicidal [or septicidal or septifragal] capsule

[or rarely indehiscent]. Seeds discoid and peltate or elongate and vari-

ously curved [or ovoid or flattened] ; endosperm present, helobial in de-

velopment. Embryo sac development of the Polygonum type. Type

genus: Haemodorum J. E. Smith.

The subfamilial classification and the number of genera included in the

family vary considerably with different authors. In the recent world-

wide review by Geerinck, two tribes, 13 genera, and about 76 species were

recognized. Six genera are monotypic, and only three have more than ten

species. Five genera are restricted to Oceania (particularly Australia),

three to South Africa, two to eastern North America, and two to South

America; one is widespread from Bolivia and Brazil to Cuba and Mexico.

Lachnanthes and Lophiola, both probably monotypic, occur in the south-

eastern United States.

The nomenclatural history of the family is too involved to give in de-

tail,- but the following account is relevant to the discussion of the gen-

era in the southeastern United States. The family was established by
Robert Brown, who divided it into three unnamed sections, with Haemo-
dorum in the first, Conostylis R. Br. and Anigozanthos Labill. in the sec-

ond, and Phlehocarya R. Br. in the third. Bentham, in Volume 6 of the

Flora Australtensis (1873), placed the genera previously assigned to the

Haemodoraceae in tribes Haemodoreae and Conostylideae ("Conosty-

leae") of the Amaryllidaceae. In the Genera Plantarum, however, Bentham
& Hooker recognized the Haemodoraceae, considering the family to be
composed of 26 genera in four tribes, Euhaemodoreae, Conostylideae,

Ophiopogoneae, and Conanthereae. As delimited by Bentham & Hooker,
the family was not a natural assemblage. Pax (and Pax & Hoffmann), in

both editions of Engler & Prantl's Pjlanzenjamilien, restricted the Hae-
modoraceae largely to the genera previously referred to tribe Haemodo-
reae, placing tribes Conostylideae and Conanthereae in the Amaryllida-
ceae and tribe Ophiopogoneae in the Liliaceae. Hutchinson (1973) dis-

agreed with Pax, saying, "After a careful examination of all the genera
of both families I cannot agree with this treatment, and I am firmly of

the opinion that the two tribes [Haemodoreae and Conostylideae] should
be again associated to form the Haemodoraceae. Thus constituted, but
with the genus Aletris L. removed to the Liliaceae, the family is natural

and homogeneous, not only in its facies but in its general distribution."

; genus by family, subfamily, and
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Conanthera and related genera were placed by Hutchinson in the segregate

family Tecophilaeaceae (Liliales). Geerinck's concept of the family is

essentially the same as Hutchinson's, except that Geerinck questionably

excludes Lanaria Alton from the Haemodoraceae and places Lophiola in

tribe Haemodoreae instead of tribe Conostylideae. Melchior returns to

the broad concept of the family and recognizes three tribes. Haemodoreae,

Conostylideae, and Conanthereae.

Lachnanthes cleady belongs to tribe Haemodoreae and, on morphologi-

cal grounds, seems to be most closely related to Haemodorum (20 species

of Oceania) and Dilatris Berg, (five species of South Africa). The rela-

tionships of Lophiola, however, are not clear; it has often been included

in tribe Conostylideae. The other members of this tribe are confined to

southwestern Australia, and Lophiola really does not have much in com-

mon with them. Geerinck places Lophiola next to Lachnanthes in tribe

Haemodoreae. While these two genera are superficially quite similar, the

morphological differences between them are numerous, and it seems doubt-

ful that they are closely related. De Vos (1963) has recently pointed

out numerous similarities between Lophiola and Lanaria, a monotypic

genus of South Africa that ha5 been placed in the tribe Haemodoreae,

the tribe Conanthereae, or the family Tecophilaeaceae. As far as is pres-

ently known, the two genera of Haemodoraceae in eastern North America

do not seem to have any close relatives in the West Indies, Central

America, or South America.

As mentioned above, Aletris (perhaps 25 species of eastern North

America and eastern Asia) was included in the Haemodoraceae by Ben-

tham & Hooker. It is commonly recognized today, however, that this

genus is best included in the Liliaceae. Sansevieria Thunb. (about 60

species of the Old World), also included in the Haemodoraceae by Ben-

tham & Hooker, is now usually placed in the Liliaceae or Agavaceae; 6.

thyrsijiora Thunb. is naturalized in southern Florida.

The Haemodoraceae, as delimited by Geerinck, contain two pollen types

(see Erdtman). The pollen of tribe Haemodoreae is 1-sulcate, while that

of tribe Conostylideae is 2-8 -apertu rate (often 3-aperturate). Erdtman

comments that ''the occurrence of 3-aperturate grains in Hypoxidoideae-

Conostylideae [ = Haemodoraceae tribe Conostylideae of this paper
|

ex-

cludes the possibility of assigning 3-aperturate pollen grains to Dicotyle-

doneae merely on the basis of aperture number.'' Other monocotyledon-

ous families in which 3-aperturate pollen occurs are the Absmataceae

Araceae, and Bromeliaceae. Erdtman noted that Lanarta and Lophwla

are palynologically more similar to tribe Conanthereae (perhaps best

treated as the Tecophilaeaceae) than to the Haemodoraceae sensu fax.

Little is known about breeding systems or pollination and dispersal

mechanisms in the family. Some South African Haemodoraceae exhibit a

type of enantiostyly, with morphologically different "left- and rignt-

handed" flowers (see Barker, Ornduff. and Wilson). The flowers of

Anigozanthos often have bright, contrasting colors, such as red, yellow

vivid green, blue, and black (an unusual color m flowers), and are
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mostly pollinated by birds (honeyeaters, family Meliphagidae). The

strange, discoid seeds of Lachnanthes and Haemodorum are probably dis-

persed by wind. In Dilatris corymbosa Berg, and D, Pillansii Barker,

the persistent perianth atop the indehiscent fruit acts as a parachute (see

Barker). Reported sporophytic chromosome numbers are: Anigozanthos

(including Macropidia Harv.), 12 (6 species), and Conostylis R. Br. (in-

cluding Blancoa Lindl.), 8, 10, 14, 16, and 28 (a total of 17 species ex-

amined). Lachnanthes and Lophiola are cytologically unknown.

Annotations of specimens in the combined herbaria of the Arnold Ar-

boretum and the Gray Herbarium of Harvard University indicate that

A. Stoel, of Utrecht, is preparing a revision of the New World Haemodora-

Except for the occasional cultivation of some species (especially of

Anigozanthos) as curiosities, the family is of little economic importance.

A tincture of the roots of Lachnanthes caroliana was used by American

Indians as an invigorating tonic and as an herb remedy.

AscHERSON, P. Bemerkungen ijber das Vorkommen gefarbter Wurzeln bei den

Pontederiaceen, Haemodoraceen und einigen Cyperaceen. Bar. Deutsch.

Hot. Ges. 1: 498-502. 1883. [Lachnanthes, 501; Lophiola, 502.]

Baillon, H. Amaryllidacees. Hist. PI. 13: 1-85. 1894. [Conostyleae, 75-82;

Barker, W. F. The genus Dilatris Berg., with the description of a new species.

Jour. S. Afr. Bot. 6: 147-164. pis. 16, 17. 1940.

. Haemodoraceae. Pp. 205-208. In: R. S. Adamson & T. M. Salter,
Flora of the Cape Peninsula. Cape Town & Johannesburg, 1950.

Bentham, G., & J. D. Hooker. Haemodoraceae. Gen. PI. 3: 671-681. 1833.

Davis, G. L. Systematic embryology of the angiosperms. viii + 528 pp. New
York, London, & Sydney. 1966. [Haemodoraceae, 134, 135.]

Dellert, R. Zum systematischen Stellung von Wachendorfia. Osterr. Bot.

Zeitschr. 82: 335-345. 1933.

Duncan, W. H., & L. E. Foote. Wild flowers of the southeastern United
States, [vii] + 296 pp. Athens, Georgia. 1975. [Haemodoraceae, 260-
262; colored photographs of Lachnanthes and Lophiola.']

Eichler, H. Anigozanthos and its orthographic variants. Austral. PI. 6: 82-
84. 1971.

Erdtman, G. Pollen morphology and plant taxonomy. Angiosperms. Corrected
reprint and new addendum, xiv +553 pp. frontisp. New York. 1966.

[See Amaryllidaceae, 42-47, and Haemodoraceae, 198, 199.]

Geerinck, D. Considerations taxonomiques au sujet des Haemodoraceae et

des Hypoxidaceae (Monocotyledones). Bull. Soc. Bot. Belgique 101: 265-
278. 1968.

. Genera des Haemodoraceae et des Hypoxidaceae. Bull. Jard. Bot.
Natl. Belgique 39: 47-82. 1969.

. Revision du genre Anigozanthus Labill. (Haemodoraceae d'Australie).

Ibid. 40: 261-276. fig- L 1970.
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Hegnauer, R. Chemotaxonomie der Pflanzen. Band 2. Monocotyledoneae.
540 pp. Basel & Stuttgart. 1963. [Haemodoraceae, 228-230.]

HiLLiARD, O. M., & B. L. BURTT. Notes on some plants of Southern Africa

chiefly from Natal: II. Notes Hot. Card. Edinburgh 31: 1-33. 1971. [See

notes on Haemodoraceae by D. Geerinck, 27-30; includes key to genera

of tribe Haemodoreae.]

Hutchinson, J. Haemodorales. Fam. Fl. PI. ed. 3. Pp. 829-838. 1973.

Marcombe, M. K. Australia's western wildflowers. [vii] + 112 pp. Perth,

Australia. 1968. [Beautiful photographs and/or information on bird pol-

linators of Haemodoraceae on pp. 7, 46, 47, 86, 87, 90, 91.]

Marloth, R. The flora of South Africa. Vol. 4. Monocotyledones. x + 208

pp. ph. 1-60. Cape Town & London. 1915. [Haemodoraceae, 109-111.

ph. 30, 31; excellent colored fllustrations.]

Melchior, H. Haemodoraceae. In: A. Engler's Syllabus der Pflanzenfamilien.

12. 2: 527. 1964.

Obermeyer, a. a. Dilatris viscosa. In: L. E. Codd, ed., Fl. PI. Africa 41: pi.

1621. 1971.

Oliver. K. R. New kangaroo paws. Austral. PI. 6: 60-64. 1971. [Artificial

hybrids in Anigozanthos; see also ibid. 338, 339, 380]

Ornduff, a. Heterostyly in South African flowering plants: a conspectus.

Jour. S. Afr. Bot. 40: 169-187. 1974. [Haemodoraceae, 175-177.]

Pax, F. Haemodoraceae. Nat. Pflanzenfam. ed. b. 15a: 386-391. 1930. [See

also ed. 1. III. 5: 92-96. 1888.]

& K. Hoffmann. Amaryllidaceae. Ibid. 391-430. [See also ed. 1. III.

Roland, A. E. The flora of Nova Scotia. Proc. Nova Scotia Inst. Sci. 21:

97-642. 1947. [Haemodoraceae, 267, 268.]

ScHULZE, R. Beitrage zur vergleichenden Anatomic der Liliaceen, Haemodora-
ceen, Hypoxidaceen und Vefloziaceen. Bot. Jahrb. 17: 295-394. ph. 7,

8. 1893. [Haemodoraceae, 380-382; Amaryllidaceae, 383-387.]

Stexar, H. Zur Entwicklungsgeschichte der Gattung Anigosanthus Labill. Bot.

Not. 1927: 104-114. 1927.

. Die systematische Stellung der Gattung Xipkidium Loefl. Sv. Bot.

Tidskr. 32: 274-282. pi. 3. 1938.

ViLLARROEL, F. Haemodoraceae. In: T. Lasser, ed., Fl. Venezuela 3(1): 207-

222. 1971.

Vos, M. P. DE. Studies on the embryology and relationships of South African

genera of the Haemodoraceae: Dilatris Berg, and IVachetidorfia Burm.
Jour. S. Afr. Bot. 22: 41-63. 1956; Lanaria Ait. Ibid. 29: 79-90. 1963.— On the embryology and relationships of the South African genera of

the Haemodoraceae. Recent Advances Botany 1: 694-698. 1961.

Wakefield, N. Nectar flowers and honeyeaters. Vict. Nat. 77: 22. 1960.

[Anigozanthos.]

W.ard. D. B. Checklist of the vascular flora of Florida. Part 1. Univ. Florida

Agr. Exper. Sta. Tech. Bull. 726. 72 pp. 1968. [Haemodoraceae, SS.]

\\iLS0N,
J. On the dimorphism of the flowers of Wachendorfia pa?iiciilata.

Trans. Bot. Soc. Edinburgh 17: 73-77. pi. 1. 1887.
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Genera of Haemodoraceae in the Sou

mens 3. exserted; ovary inferior, insertion of tepals and stamens epigy-

is; tepals glabrous adaxially; seeds few in each locule, reddish brown,

ate. orbicular in outline, strongly flattened 1. Lachnanthes.

mens 6, about equalling tepals; ovary half-inferior, insertion of tepals

1 stamens perigynous; tepals with an adaxial crest of yellow, uniseriate

Iticellular trichomes; seeds numerous in each locule, whitish, tiny, elon-

e, variously curved, the hilum basal 2. Lophiola.

Stout perennial herbs with reddish rhizomes and fibrous roots; sap

red. Upper portions of stem, inflorescence branches, and outer parts of

flowers whitish villous-tomentose when young, becoming tawny hoary.

Leaves mostly basal, sword-shaped, the cauline ones few and reduced in

size. Inflorescences terminal on stem, many-flowered, initially compact

and rounded, becoming open and corymbose after anthesis, with each

branch resembling a helicoid cyme; bracts conspicuous, subtending each

flower. Flowers regularly symmetrical, the insertion of the tepals and sta-

mens epigynous. Tepals 6 in 2 whorls of 3, free to level of insertion, pale

yellow, erect-spreading at anthesis, inserted around the top of the ovary,

densely pubescent abaxially, glabrous adaxially, valvate in aestivation,

the outer 3 narrower and slightly shorter than the inner 3. Stamens 3,

exserted, erect-spreading at anthesis; filaments inserted on the top of

the ovary opposite the inner whorl of tepals, persistent in fruit and then

enclosed by the inrolled margins of the inner tepals; anthers yellow, in-

trorse, basifixed, very slightly sagittate below, curving outward after de-

hiscence. Ovary inferior, 3-locular; style slightly exceeding the anthers,

persistent in fruit; stigmatic area faintly 3-lobed; ovules about 6 per

locule, inserted around the margin of a peltate, stipitate, axile placenta.

Capsule globose or oblate, capped by the persistent tepals, dehiscent by
3 loculicidal valves, the style not attached to the fruit valves but remain-

ing on the columella or breaking off. Seeds discoid, peltate, reddish brown,

few per locule, attached around the placenta; seed coat faintly wrinkled.

(Including Heritiera J. F. Gmelin, 1791, neither Aiton, 1789, nor Retzius,

1791, nor Heriteria Schrank, 1789; Gyrotkeca Salisb.; Camderia Dumor-
tier.) Type species: L. tinctoria S. Elliott = L. caroliana (Lam.) Dandy.
(Name from Greek lachne, wool, and anthos, flower, in reference to the

pubescent flowers.)

—

Redroot.

One species of scattered distribution in eastern North America, oc-

curring in southern Nova Scotia; Rhode Island and southeastern Massa-
chusetts; the pine barrens of New Jersey and Delaware; southeastern

Virginia; Augusta County, Virginia; Coffee County, Tennessee; and on
the Atlantic and Gulf coastal plains from North Carolina south to south-

em Florida, westward through the panhandle of Florida to Saint Tammany



nv placenta and ovules (trichomes omitted)

section perpendicular to preceding <;howing S ovules (trichomes

X 10, h dehi.ced capsule X 5, i seed abaxial surface, X 12, j,

lal surtace, the hilum m center X 12. k seed with vMng rcmoNcd

i beneath hilum with radicle pointing do\vn^^ard into projecting por-

Parish. Louisiana; also in Pinar del Rio Province, Cuba Lachnanthes

carohana is usually found in acid soils in wet habitats, eg. m bogs

swamps, and ditches, in low areas in savannahs and pinelands, and along

the margins of hammocks and pocosins. The species
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rather aggressive weed in commercial cranberry (Vaccinium macrocarpon)

bogs.

A number of names have been applied to this plant, including (ortho-

graphic variants omitted) Anonymos tinctori[a] Walter, Dilatris caro-

liana Lam., Heritiera tinctorum J. F. Gmelin, Heritiera Gmelini Michx.,

Dilatris Heritiera Persoon, D. tinctoria Pursh, Lachnanthes tinctoria El-

liott, Gyrotheca tinctoria Salisb., and Gyrotheca capiata Morong. The

generic name Lachnanthes is now conserved, and the earliest specific

name is Dilatris caroliana Lam., Tabl. Encycl. Meth. Bot. 1: 127. 1791

(March), which is earlier than the next available name, Heritiera tinc-

torum J. F. Gmehn, Linn. Syst. Nat. ed. 13. 2: 113. 1791 (Sept./Nov.).

Thus the correct combination for this plant is Lachnanthes caroliana

(Lam.) Dandy, Jour. Bot. 70: 329. 1932.

Although a photograph of the type specimen of Dilatris caroliana

Lam. in the Herbier Lamarck, Museum National d'Histoire Naturelle,

Paris, shows the name as ''Dilatris caroliniana' on the label, Lamarck

published the name as D. caroliana. This has been considered by some to

be an orthographic error. According to Wilbur, "the epithet originally

appeared as 'caroliana,'' but Dr. Shinners has kindly pointed out that

this was an obvious misprint and hence is to be corrected under the pro-

visions of Art. 73" of the International Code of Botanical Nomenclature.

It seems to the present author, however, that we are obliged to maintain

the spelling of the original publication.

The occurrence of Lachnanthes caroliana inland on the western slope

of the Blue Ridge in Augusta County, Virginia, and in the "oak-barren"

country of central Tennessee (Coffee County) is further evidence of the

strong Coastal Plain floristic affinities of these areas (see Carr and Krai).

The label of Channell & Rock 79 (gh), from Bladen County, North
Carolina, notes that monarch butterflies {Danaus plexippus) abundantly
visit the flowers of this species.

According to Millspaugh, some American Indians, particularly the Sem-
inoles, made an invigorating tonic from the roots of Lachnanthes caroliana.

They also prepared a tincture used for treating a variety of maladies.

Millspaugh gives directions for making a whole-plant infusion and rec-

cords a number of physiological reactions that it produces.

Under family references see Ascherson, Baillon,
)UNCAN & FOOTE, GeeRINXK (1968, 1969), HUTCHU

LARR. L. G. l-urther notes on coastal floral elements in the bogs of Aug
County, Virginia. Rhodora 42: 86-93. 1940. ^Lachnanthes, 88, 92.]

Dandy. J. E. Some new names in the Monocotyledones. II. Jour. Bot.

32^-i2,2. 1932. [Lachnanthes, 329.]

Holmes, E. M. Lachnanthes titictoria Ell. Pharm. Jour. 68: 103. 1902.*
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Kral, R. Some notes on the flora of the southern states, particularly Alabama
and middle Tennessee. Rhodora 75: 366-410. 1973. [Lachmnthes, 385.]

Martin, A. C. The comparative internal morphology of seeds. Am' Midi
Nat. 36: 513-660. 1946. [Lachmnthes, 532.]

Meggitt, W. p., & R. J. Aldrich. Amitrol for control of redroot in cranberries
Weeds 7: 271-276. 1959.*

:\IrLLSPAUGH, C. F. Lachnanthes. American medicinal plants 1(171): [2 pp.].

MoRoxG, T. Notes upon various species of Iridaceae and other orders. Bull.

Torrey Bot. Club 20: 467-473. 1893. [Haemodoraceae. 471, 472.
|

RiCKETT, H. W. Wildflowers of the United States. Vol. 2. The Southeastern
States. Part 1. x + 322 pp. New York. 1966. [Lachnanthes. p. 70, pi. 22.]

& F. A. Stafleu. Nomina generica conservanda et rejicienda sperma-
tophytorum. Taxon 8: 213-243. 1959. [Lachnanthes, 23S.]

Ward, D. B. The genus Anoftymos and its nomenclatural survivors. Rhodora
64: 87-92. 1962. [Lachnanthes, 89.]

Wilbur, R. L. The identity of Walter's species of Anonxmos. Jour. Elisha

Mitchell Sci. Soc. 78: 125-132. 1962. [Lachnanthes. 126. 127.]

2. Lophiola Ker-Gawler, Bot. Mag. 39: pi. 1596. 1813.

Slender, perennial, stoloniferous herbs with erect, leafy stems from

rhizomes; roots and rhizomes brown to whitish. Upper portions of s

inflorescence branches, and outer portions of flowers densely woolly-

tomentose with whitish, soft, contorted trichomes. Leaves basal and

cauline, erect, linear, flattened, becoming progressively smaller above,

florescence a much-branched, many-flowered, bracteate, open [or c

pact] corymb terminating the erect stem and exceeding the leaves. Fl

ers regularly symmetrical, tJie insertion of the tepals and stamens perigy-

nous. Tepals 6 in 2 whorls of 3, nearly equal, free to level of insertioi

reflexed at anthesis, brownish or maroon at the tips, with a bright yello

crest of moniliform trichomes on the lower half of the adaxial surfaci

densely tomentose abaxially, inserted about the middle [or toward the

base] of the ovary, persistent and erect in fruit, each whorl valvate in

aestivation, with the outer 3 partially enclosing the inner 3. Stamens 6,

erect-spreading at anthesis, shorter than the tepals; filaments glabrous,

persistent, inserted opposite the tepals on the ovary; anthers yellow, in-

trorse, basifixed, scarcely auriculate at the base. Ovary half-inferior [or

nearly superior], 1-locular with 3 parietal placentae above and 3-locular

with axile placentae below; style 1, terminal on the ovary, slender, about

equalling the stamens, persistent in fruit; stigmatic area slightly 3-lobed;

ovules numerous in several vertical rows, evidently anatropous. Capsule

± globose or ovoid, the valves beaked by persistent style segments, the

fruit enclosed before dehiscence by the persistent tepals. Seeds numerous,

tiny, elongate, variously curved, whitish; seed coat finely open-reticulate.

Type species: L. aurea Ker-Gawler. (Name from Greek lophia, a mane

or crest, evidently in reference to the pubescence on the adaxial side of

the tepals.) —Golden-crest.



JOURNAL OF THE ARNOLD ARBORETUM

I h.i Ri 2 Lophiola. a-p, L aurea: a. habit, X 1/4; b-e. series of cross sec-
tion, ot leat trom base to tip to show folding and progressive fusion of adaxial
surtaces (black area in vascular bundles represents xvlem and white is phloem),
all X 6; f^ open flower— note crest of trichomes on upper surface of tcpals.
X 6; g, flower in vertical section ovarv half-inferior, placentation parietal
above, axile below. X 6, h, moniliform trichome from crest of tepal. X 150;
I, cross section of ovary at level of upper arrow in '"g." triangles represent fila-
ments, X U-

J, cro.ss section of ovary at level of lower arrow in ''g." X 12;
k. anatropous ovule. X 25; 1. fruit just beginning to dehisce, one tepal removed— note style separating into 3 parts, X 6; m, dehisced capsule. X 6- n, same,
^"^._y^.^ removed, X 6; o, mature seed, X 25; p, seed in vertical section,

I even-stippled, embryo unshaded, X 2S.
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One (or more ?) species occurring disjunctly along the Atlantic Coastal

Plain of Xorth America in western Nova Scotia; in the pine barrens of

New Jersey (and formerly Delaware); in southeastern North Carolina;

in south-central Georgia; and from the panhandle of Florida to southern

Mississippi. The genus apparently occurs infrequently within each of the

geographical regions, although individual populations may be composed

of many individuals and may cover large areas. Plants of the genus are

nearly always found in bogs and low, wet areas in savannahs and pine

barrens.

Lophiola has not been studied in detail morphologically, development-

ally, anatomically, cytologically. or ecologically, and its reproductive

biology is unknown. Because of this general lack of information, the

taxonomy and familial affinities of the genus are uncertain (see family

discussion)

.

Fernald (1921. pp. 162. 163, 243, 244) noted apparent differences in

the habit, indumentum, leaf size, compactness of the inflorescences, num-

ber of flowers, level of insertion of the tepals on the ovary, fruit color.

and shape of the base of the seeds that occur between plants fron^ Xova

Scotia, New Jersey, and the southeastern United States. He descril)e<l

the plants from Nova Scotia as a new species. Lophiola scptcntyionahs.

applied the name L. amerkana (Pursh) Wood to the plants of New

Jersey, and used the name L. aurea Ker-Gawler for the plants of North

Carolina, Georgia, Florida, and Mississippi. However, herbarium speci-

mens and observations on living plants in North Carolina suggest that at

least some of this variation may be due to ecological conditions. It is

also to be expected that widely disjunct populatit

species, would differ each other. Thu

reveal information to the contrary, it seems best to rec-

ognize onlv one species of Lophiola.

There has been considerable debate about whether the name Lophiola

aurea Ker-Gawler (Bot. Mag. pi. 1596) was published before or after

Conostvlis amcricana Pursh (Flora Americae Septentrionalis 1
:

224)

which is the basionym of Lophiola americana (Pursh) Wood (Class Book

697. 1861). It appears that Pursh's Flora could not have been published

before the middle of December. 1813. Graustein relates that the printing

of this work was scheduled to be completed during the week of December

7. 1813, and that Pursh presented a copy to the Linnean Society of London

1 December 21. 1813. The plate of L. anical Magazine

bears the date ''1 Nov. 1813." Plates of this period were dated o comply

with British print copyright acts. Stearn (1943b) says tha ' the dates

on these prints were intended to be those of their first publishing. . .
.

and in the absence of evidence to the contrary, the dates engraved on

its [the Botanical Magazine's] plates, though possibly not a';;^a>s co -

rect to the exact day, must be accepted as correct as to the month. Thus

it seems dear that L. aurea was published before C amertcana The ci-

tation in the Botanical Magazine of Pursh's name for this plant and the



216 JOURNAL OF THE ARNOLD ARBORETUM [vol. 57

exact page number of its description in Pursh's Flora can be attributed to

the supposed availability of the proofs of the Flora to the editor of the

Botanical Magazine (see Stearn, 1943a).

Under family references see Ascherson, Baillox, Bentham & Hooker,
Duncan- & Foote, Geerinck (1968, 1969), Hutchinson, Melchior, Pax &
Hoffmann, Roland, De Vos, and Ward.

Barnhart, J. H. The date of Pursh's Flora. Torreya 5: 132-136. 1904.

[Lophiola, 135.]

Brown, S. Lophiola aurea Ker. Bartonia 5: 1-5. jrontisp. 1913.

Fernald, M. L. The Gray Herbarium expedition to Nova Scotia, 1920 (con-

tinued). Rhodora 23: 153-171; 223-245. 1921. [Discussion of Lophiola,

160-163; description of L. septentrionalis and additional discussion, 243,

Gandoger, M. Sertum plantarum novarum. Pars secunda. Bull. Soc. Bet.

France 66: 286-307. 1919. [L. floridana and L. breviflora described, 290.]

Graustein, J. E. The date of Pursh's Flora Americae Septentrionalis. Rho-
dora 56: 275. 1954.

Ker-Gawler, J. Lophiola aurea. Golden-crested Lophiola. Bot. Mag. 39:

pi. 1596. 1813. [Colored illustration.]

Nichols, G. E. Lophiola aurea in Nova Scotia. Rhodora 21: 68. 1919.
PURSH, F. T. Flora Americae Septentrionalis. Vol. 1. xxxvi + 358 pp. ph. 1-

16. London. 1813 ['1814']. [Conostylis americana, 224. 225, pi. 6.]
Stearn, W. T. The date of publication of Pursh's Flora Americae Septentriona-

lis. Rhodora 45: 415, 416. 1943.

. A further note on the date of Pursh's Flora. Ibid. 511, 512.



JOURNAL °"«^

ARNOLD ARBORETUM

Voiume 57 HARVASD UNIVERSITY Number



Journal of the Arnold /^

Subscription price $16 00 per >

vcit.meb I-Xl.V, reprinied, and '^o

re "ivajUrie from the Kraus Repr;r

Sew York 10546. U.S.A.

TORIAL COMMIT ft

lieJ at the Harvard L'nsversit\ Pnru







JOURNAL
OF THE

ARNOLD ARBORETUM

ARTURO BURKARTr^ A PERSONAL APPRECIATION

Otto T. Solbrig

I FIRST MET Professor Arturo Burkart in 1951 when I visited the

Institute Botanico "Darwinion" on the outskirts of Buenos Aires to check

the holdings there in the family Caprifoliaceae. I was then a sophomore

in college and was somewhat awed by the atmosphere of the place, with

its high cathedral-like halls where ghostly figures worked in dark corners

over their microscopes. I was particularly awed by the tall, imposmg

figure of the Director. Nevertheless, he took a liking to me, and for the

next four years I made the three-hour trip from La Plata, where I was

studying, to San Isidro once a week to learn botany from Burkart. He

put me to work, first writing labels, then identifying plants, and then

working up a small group of grasses, all in the old-world tradition of

training herbarium taxonomists in which he believed so strongly. Later

I took Burkart's course in Forage Plants at the Agricultural School ^of

the University of La Plata. There I saw another facet

great love for Argentir unshakeable belief that the

J of the country lay in developing its agriculture through advance-

ments in science. Shortly before Burkart's death, the Organization of

American States conferred on him its highest scientific award, the ''Ber-

nardo Houssay" prize, in recognition of his agronomic work with altalta.

What I remember most about Burkart are his tremendous erudition,

his careful scholarship, and his unqualified love for plants. He used to

say that there were no ugly or uninteresting plants, and for^him there

were none. His careful scholarship was legendary, and "
*"-

when an error was found in one of his papers,

in the Argentine botanical community as an eveni

was commented

orthy of special

Of German parentage, Burkart was born and raised in Argentina and

he combined a strong sense of patriotic love for the country of his birUi

with pride in the achievements of German culture. He spoke and wrote

German fluently and contributed scientific and general articles to Ger-

man magazines in Europe and Argentina, in addition to writing his vast

©President' and Fellows of Harvard College, 1976.
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bibliography in Spanish. He was strongly influenced by the liberal tra-

dition of the early 20th century. He never could accept the venality,

corruption, and political oppression of the Peron dictatorship, and he

never compromised his stand, even at the risk of losing his posts. On the

other hand, he was not able to understand some of the new forces at

work in Argentina, and this led him to take stands, particularly in his

last years, against groups and individuals who were trying to reform the

University in accordance with the precepts of our times.

Burkart was Professor of Botany at the University of Buenos Aires

at the time of his death. Prior to that, he had served for 20 years as

Professor of Forage Plants at the University of La Plata. However, the

institution which had first call on his allegiance was the Instituto Dar-

winion. This institute had its start when the wealthy Argentine botanist

Cristobal M. Hicken, upon his death, donated his books, his herbarium,

and a small endowment to the Argentine Academy of Sciences. Burkart

was named its first director in 1937 at only 30 years of age, and he
served in that capacity until his death. During these years, with a minimal
staff of three to five permanent members, he transformed the small her-

barium and library with which he started into the best one in Argentina,

and possibly the best in South America. The journal Darwiniana became
the favorite outlet for Argentine botanists, and it set editorial standards
for others to emulate.

All who knew Arturo Burkart will miss this honest and forthright man
who loved his country, his family, and his Darwinion so much, but who
above all else loved the Scientia amabile, as he liked to call his vocation.

Gray Herbarium
Harvard University
Cambridge, Massachusetts 02138
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A MONOGRAPH OF THE GENUS PROSOPIS
(LEGUMINOSAE SUBFAM. MIMOSOIDEAE)

Arturo Burkart *

This monograph of Prosopis is the result of prolonged herbarium and
field studies made over a period of several years with the intention of

completing an exhaustive treatment of an important but difficult genus.

The monograph represents the completion on a world scale and a revision

of my earlier paper "Materiales para una monografia del genero Prosopis

(Leguminosae)" (Darwiniana 4: 57-128. 1940), which found wide ac-

ceptance for its more natural definition of the species. For the Mexican-
Texan area of the genus, the work by M. C. Johnston (Brittonia 14:

72-90. 1962) on sect. Algarobia was very helpful. Encouragement to

write this paper came from those botanists interested in a broad research

project on Prosopis (Structure of Ecosystems Program of the US/IBP).
I am conscious that this is not a final treatment and that amendments

may be necessary as the results of new research become available. How-
ever, workers in nontraditional fields of phytotaxonomy and biology need

up-to-date systematic accounts of the plants which they study.

My visits to the principal botanical institutions of the United States in

1973 and 1975, after I had seen most Argentine herbaria, gave me the

final opportunity to finish this paper. I have to acknowledge with gratitude

the interest and help received from many colleagues and friends during

this task. Professor Otto Solbrig (Gray Herbarium, Harvard University,

Cambridge, Massachusetts), Dr. Beryl Simpson (U. S. National Her-

barium, Smithsonian Institution, Washington, D. C), Dr. Marshall C.

Johnston (University of Texas, Austin), and Dr. Peter Raven (Missouri

Botanical Garden, St. Louis, Missouri) have to be mentioned in this

connection. My thanks are also extended to the staff of the journal of

the Arnold Arboretum for valuable editorial work.

* Professor Arturo Burkart, whose extensive treatment of Prosopis we are pub-

lishing here, visited the Harvard University Herbaria in the spring of 1975. I had

of arrangement and style with him. He seemed happy that publication wojuld be

possible within a year and gave me permis;

ade changes only where not to have done so would have left

Professor Burkart died only a few weeks after leaving Har\

; able to publish this paper, which embodies some of his gre

:perience with the Leguminosae, a plant family he studied z
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GENERIC DIAGNOSIS

Prosopis Linnaeus emend. Burkart.

Type species: Prosopis spicigera Linnaeus, Mantissa PL 68. 1767; cf.

A. Burkart, Darwiniana 4: 59, 6L 1940. Now a synonym of P. cineraria

(L.) Druce.

Flowers small, actinomorphic, pentamerous, hermaphroditic; aestiva-

tion valvate; calyx campanulate; corolla with linear petals, these fused

or more or less free, glabrous or pubescent, frequently villous or pilose

inside toward the tip ; androecium of 5 + 5 free stamens ; anthers elliptic,

dorsifixed, introrse, with an apical, pedicellate, globose or ovoid con-

nectival gland; pollen grains simple, isopolar, tricolporate, subspheroidal

to prolate, the exine pertectate, baculate, the sexine bigger than the nexine,

the grains large or small; ovary stipitate, villous or sometimes glabrous.

Anthesis apparently protogynous, the filiform style emerging from the

flower bud before the stamens appear; flowers greenish-white, yellowish

with age, seldom red; insect-pollinated.

Fruit a modified indehiscent legume called a drupaceous loment, linear,

straight, falcate, annular to spirally coiled; mesocarp fleshy, sugary or

fibrous; endocarp divided into 1-seeded, coriaceous to bony segments,

closed or sometimes opening easily, longitudinal or rarely biseriate and
transverse; seeds ovoid, compressed, with fissural line on the faces (pleur-

ogram), hard, brown, with mucilaginous endosperm (typical of Mimosoi-
deae) surrounding the embryo; cotyledons flat, rounded, epigeous in

Trees or shrubs of varying size, rarely subshrubs, predominantly xeroph-
ilous, aculeate, spiny or rarely unarmed. Leaves bipinnate, commonly
with few pairs of opposite pinnae, only in a few subaphyllous species some-
times reduced, pinnate, paucifoliolate

;
petiole with circular, sessile, apical

gland and sometimes smaller, similar ones on the rachis of the pinnae;

leaflets small, numerous, mostly opposite, linear, oblong, fusiform, rarely

large (P. ruscijolia), entire, of the same color on both sides; venation

pinnate, not very prominent.

Racemes spikelike, amentiform, axillary, mostly densiflorous, sometimes
with globose heads.

Shoots in most species dimorphic; megablasts long, flexuous, knotty in

age; brachyblasts or short shoots emerging from multiple axillary buds
(which develop the cauline spines when extant), leaf fascicles, and racemes.

Chromosomes. The Prosopis species are mainly, if not entirely, diploid,

with the somatic number of 2n — 28, Polysomaty in root tips (cortical

cells) is frequent and probably responsible for false tetraploidy interpre-

tations, e.g., in P. juliflora. A supposedly tetraploid species from the

Pacific Islands, P. insularum (Guill.) Breteler does not belong to the

genus, but to Schleinitzia Warburg. Chromosomes in Prosopis are small
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Distribution. About forty-four species distributed in Southwest Asia,

Africa, and predominantly America, from western North America to

Patagonia, mainly in warm and dry regions of the West, with the center

of polymorphism in Argentina. Some species are cultivated and naturalized

outside their original homes.

Ecological and economic importance. Because of their abundance
and ecological behavior, the Prosopis species are important vegetation ele-

ments in arid and semiarid countries, where many of them offer shade,

firewood, timber, and food for man and shade and forage for wildlife and
domestic herbivores. Their importance for Indian cultures has been very

great in the past and is still considerable, in spite of much devastation.

Not to be neglected is the value of the flowers as bee pasture. The edible

fruits of some species and varieties are used as food in the form of meal

or fermented beverages ; however, these products have not yet gained gen-

eral acceptance.

Some species, especially the mesquite (P. glandulosa) in Texas and

the vinal {P. ruscijolia) in the Chaco, because of their tremendous in-

vading power, have become nuisances to ranchers and are fought with

all kinds of herbicides. Other species are planted for shade and forage

in the tropics.

Ecologically, the legumes are important for the endozoic propagation

of the hard seeds, which germinate freely after passing through the di-

gestive tracts of cattle, sheep, goats, or wild animals such as the guanaco,

the South American ostrich, the fox, etc. According to information given

to me by O. T. Solbrig, not only are the fruits, if eaten, dispersed by the

animals, but their passage through the digestive tract also benefits the

seed by killing the Bruchid beetles (specialized legume predators) always

present in Prosopis fruits. The nutritive legumes, with seeds resistant

to the digestive juices of herbivores, demonstrate a superior adaptation

of the species of Prosopis in their struggle for survival and dispersal.

There is a real need for more ecological studies on these species and

for a selection program to aid forestation plans in arid and semiarid re-

gions. Superior strains, especially of such useful species as P. juliflora,

P. chilensis, P. pallida, P. caldenia, P. alba, P. nigra, P. affinis, P. tamarugo,

etc. should be cultivated and tested at experiment stations of dry-climate

countries in order to have them ready for large forestation programs.

Benson, L. The Mesquites and screw-beans of the United States. Am. Jour.

Bet. 28: 748-754. 1941.

Bentham, G. [Prosopis.] In: Revision of the suborder Mimoseae. Trans.

Linn. Soc. London 30: 376-381. 1875.
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, Stronibocarpa, Neltu-

winiana 3: 27-47. 6 ph. 1937.

. Materiales para una monografia del genero Prosopis (Leguminosae).

Ibid. 4: 57-128. 15 figs. 23 ph. 1940.

. Las Leguminosas Argentinas, silvestres y cultivadas. ed. 2. Pp. 126-

143. Buenos Aires. 1952.

. Leguminosae. [Prosoph.'] In: A. L. Cabrera, ed., Flora de la Pro-

vincia de Buenos Aires. Vol. 3. Pp. 421-431. Buenos Aires. 1967. [See

also ed. 1. Buenos Aires. 1943.]

Caccavari de Felice, M. A. Granos de polen de Leguminosas de la Argentina.

II. Subfam. Mimosoideae; tribu Adenanthereae. Revista Mus. Arg. Ci.

Nat. B. Rivadavia. Bot. 4: 281-320. 12 figs. 15 ph. Buenos Aires. 1972.

Candolle, a. P. DE. Prodromus systematis naturalis regni vegetabilis. Vol.

2. Pp. 446-473. 1825. [Prosopis, Lagonychimn, Acacia sp. div.]

Carman, N. J. Systematic and ecological investigations in the genus Prosopis

(Mimosaceae) emphasizing the natural products chemistry. 220 pp. Diss.

Fac. Univ. Texas, Austin. 1973.

Cohen, R., J. M. Cei, & V. G. Roig. Ensayos preliminares con tecnicas de

precipitinas per difusion en gel de agar sobre afinidades proteinicas en el

genero Prosopis. Revista Fac. Ci. Agr. Univ. Nac. Cuyo 13: 29-41. 1967.

GuiNET, Ph. Les Mimosacees. Etude de palynologie fondamentale, correla-

tions, evolution. These, Fac. Sci. Univ. Toulouse. Pp. 52 et passim. 1969.

Hutchinson, J. Genera of flowering plants. Vol. 1. Pp. 287, 289, 290.

Clarendon Press, Oxford. 1964. [Strombocarpa, Prosoph, and Soproph.]
ISELV, D. Legumes of the United States. VI. Madroiio 21: 273-298, 1972.

[Prosopis, 287-298.]

Johnston, M. C. The North American Mesquites, Prosoph sect. Algarobia

(Leguminosae). Brittonia 14: 72-90. 1962.

Linnaeus, C. Mantissa plantarum. Vol. 1. 144 pp. 1767. [Original descrip-

tion of the genus, 10, 11, 68.]

Pfeiffer, L. Nomenclator botanicus. Vol. 2. 1698 pp. Cassellis. 1874.

[Older references to the genus, 842.]

Schuster, J. L., ed. Literature on the Mesquite {Prosoph L.) of North Ameri-
ca. An annotated bibliography. 84 pp. Special Report no. 26. Interna-

tional Center for Arid and Semi-Arid Studies, Texas Tech. University.

GENERIC LIMITS AND SUBDIVISIONS

Because of the uniformity of leaf, floral, and fruiting characters, there

seems to be no reason for a subdivision of the genus such as was proposed
by Britton and Rose (North American Flora 23: 180, 182-187. 1928) and
followed in part by Hutchinson (1964).
The paribipinnate leaf, characteristic of the whole subfamily Mimosoi-

deae, presents in most species of Prosopis only one or a few pairs of pin-

nae and never a solitary apical pinna, found, for instance, in the leaves
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of Caesalpinia and Hoffmanseggia and other caesalpinioid genera, but en-
tirely absent in the Mimosoideae.

Flowers in Prosopis are of the common actinomorphic, pentamerous, de-
candrous, hermaphroditic type, with gland-tipped anthers, apparently
the primitive model of a mimosoid floret.

The fruit, a modified, indehiscent, more or less fleshy legume with the
endocarp commonly hardened and segmented into one-seeded joints, is

of a type which I have called "lomento drupdceo" (lomentum drupaceum;
Burkart, Las Leguminosas Argentinas, sylvestres y cultivadas 21. 1943;
Ibid. ed. 2. 17. 1952). In spite of the diversity of forms and curling, the
fruit is fundamentally uniform, another sound reason for maintaining Pro-
sopis sensu lato, essentially as it was established by G. Bentham. Too
much weight has been given to the curvature and curling of the Prosopis

fruit and its bearing on systematics. There is a parallel development in both
main sections (Strombocarpa and Algarobia), with variation from nearly

straight to curved and spirally coiled loments. Only one difference exists;

the closed corkscrew type is reached by only some members of sect.

Strombocarpa, while in sect. Algarobia the spirals are always fewer,

larger, and open. This difference is of importance at the specific level.

In contrast with this uniformity of the fruit, there is a marked vege-

tative diversification in the armature, whether it consists of spines or

prickles or is absent. These differences provide the best foundations for

a sectional subdivision of the genus. Most authors of local treatments of

Prosopis fail to recognize the importance of these differences of sub-

generic rank, although I devoted a special paper to them (Burkart, 1937).

Britton and Rose, for example (loc. cit.), made no distinction between

"stipular spines" or "spinescent stipules" in their "genera" Sopropis,

Strombocarpa, and Neltuma. Relying on the differences of armature to

provide the only strict differences between sections, we may trace the fol-

lowing scheme, which notwithstanding its morphological nature possibly

has phylogenetic significance:

1. Primarily unarmed. African species Sect. Anonychium (species 4).

2. With cauline prickles (internodal hard emergences like the aculei of Rosa

and Riibus). Asiatic and North African species

Sect. Prosopis (formerly sect. Adenopis) (species 1-3).

3. With stipular (foliar) spines; stipules very early in ontogeny developed

into straight, paired spines. American species

Sect. Strombocarpa (including ''Sopropis") (species 5-13).

4. With cauline, axillary, solitary or paired, multi- or uninodal, straight spines.

American species.

a) Spines axillary; shoots differentiated into macroblasts and knotty

brachyblasts. Fruit compressed

.... Sect. Algarobia (syn. Neltuma), pro parte maxima (species 15-44).

b) Spines axillary and apical, uninodal, solitary; no brachyblasts. Fruit

moniliform Sect. Monilicarpa (species H).

5. Secondarily unarmed, because of suppression of the axillary, cauline spines.

American species, especially from Paraguay and Argentina

Sect. Algarobia, pro parte minima (species 18, 20, 29, 35, 39, etc.).
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The term ''stipular spines"

mean spinescent stipules, as i

minate, axillary, uninodal, cauline spines developed near the stipules but

independent from them, as in sect. Algarobia.

It is interesting to look at another large genus of the Mimosoideae,

Acacia, to find a similar differentiation. The Acacia section or sub-

genus (Gummiferae Bentham) has spinescent stipules, just as does sect.

Strombocarpa. Acacia subg. Aculeiferum Vassal (ser. Vulgares Ben-

tham) has the internodal prickles of Prosopis sect. Prosopis (although

mostly recurved prickles). Then there is one rare Acacia species in Aus-

tralia, A. pulchella R. Brown, which has developed primitive, axillary,

cauline, uni- or plurinodal, sometimes foliate spines and represents the

morphological type of Prosopis sect. Algarobia very weakly expressed.

The extraordinary leaf polymorphism of the phyllodial acacias in Australia

(ser. Phyllodineae Bentham) is not paralleled in Prosopis, in which no

phyllodes are known. Instead, some species (sect. Algarobia, ser. Seri-

canthae Burkart) are aphyllous or subaphyllous (leaves small and shed

very early in the season), with photosynthesis being accomplished within

the cortical tissue of branchlets and spines. This vegetative type is in

turn very rare in the genus Acacia, although present in a few Australian

In other families as well, vegetative differences are also considered to

be of infrageneric rank. See, for example, the recent reduction of Junellia

Moldenke (Verbenaceae) to a section of Verbena by N. S. Troncoso (Dar-

winiana 18: 312. 1974).

There is a floral character which could be considered as important. In

sect. Anonychium, in its only species (and also the only tropical African

one), P. ajricana (Guill., Perr., & Rich.) Taubert, the connective of the

anther is broadened and the apical gland incurved together with it. This

is beautifully portrayed in a recent plate of P. Brenan (in Hubbard &
Milne-Redhead, Flora Trop. East Africa 35. London. 1959). At first I

thought to use this character as one of sectional value, but later I was able

to observe a somewhat similar incurving of the anther gland in P. jarcta

Solander ex Russell) Macbride of sect. Prosopis. This fact convinced

me again of the generic unity of Prosopis in its wider delimitation.

Vegetatively, there is a great diversity in habit. One Oriental species,

P. jarcta, is known by its invading rootsuckers (or rhizomes?), by which
it approaches the American P. strombulijera (Lam.) Bentham and its

relatives. In this and some other characters, sect. Strombocarpa comes
closer to sect. Prosopis than to the entire sect. Algarobia, in which rhi-

zomes or rootsuckers are unknown. However, there remains the basic dif-

ference between the two, prickles versus spiny stipules.

In sect. Prosopis one species, P. cineraria (L.) Druce, has longitudinal

seeds, another, P. farcta, transverse seeds and segments in the fruit. This

is a difference to which the rank of series is given in sect. Strombocarpa.
However, in sect. Prosopis the discovery of the new P. koelziana Burkart,

with its intermediate fruit fabric, reduces the systematic value of this
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difference so that no series are distinguished. It is even less possible to

revive Lagonychium M. Bieb. as a genus for P. jarcta, as proposed by

Bobrov in Komarov's Flora of the USSR.

PROBABLE EVOLUTIONARY DEVELOPMENT OF SPECIATION

Prosopis is a rather primitive genus within the Mimosoideae, as the

simple pollen grains, the mostly free petals, and the decandrous condition

prove. It possibly originated in tropical Africa, where only P. ajricana,

the least specialized species, persists. Near relatives are Adenanthera'L.

and Pseudoprosopis Harms, with dehiscent legumes. From this or a sim-

ilar ancestral stock may have evolved the more specialized groups, which

have fleshy, indehiscent drupaceous legumes, nearly all with the vege-

tatively differentiated megablasts and/or brachyblasts (these are absent

only in P. argentina, aside from in P. ajricana), and with pungent organs

(also absent in P. ajricana). The prickly Asian species of sect. Prosopis

developed in the eastern, arid desert zones. The spiny American ones de-

veloped in the western hemisphere into two sharply differentiated, parallel

groups, also with desert climate preferences: sect. Strombocarpa (with

spiny stipules) and sect. Algarobia (with cauline, mostly axillary thorns).

In between the two appeared the small section Monilicarpa, with only one

isolated member, P. argentina, of doubtful origin and affinities. The re-

lated genus Prosopidastrum Burkart (formerly considered a section of

Prosopis), with two species, one in Baja California and the other m

Patagonia, is a side-branch, which seems to confirm a common origin m

one ancient desert floral center. According to the Wegener theory of

continental drift, land connections between east and west were easier at

the end of the Mesozoic or the beginnings of Tertiary times, when these

plant groups must have originated; so the ancestors of present-day Pro-

sopis species may have migrated widely from the African center to both

east and west slowly evolving different species that were adapted not to

long-distance dispersal, but to a very effective endozoic diffusion through

mammals and larger birds (owing to the succulent, edible legumes with

hard seeds that escape digestion). Present distribution patterns of species

of Prosopis do not exclude the possibility of an ancient desert flora common

to both Americas which later divided and became widely separated into

two centers, the Mexican-Texan center and the Argentine-Paraguayan-

Chilean one, where most species occur. The fact that in both centers en-

demic species exist indicates their antiquity and suggests that iong-dis

tance dispersal did play only a secondary role, if any. After millions o.

years, the speciation process (mainly gene mutations, as suggested by
;condary role, if any. After millions of

linly gene mutations, as suggested
^"

iT'kar^ogramTniformity) slowly originated the 40 American species ana

several varieties now known. Several facts indicate that in America the

principal center of origin is Argentina and that the Mexican center is a

secondary one. Or perhaps they are of the same age, but some factors,

e.g., stronger competition with the boreal floras, prevented a major spe-

cies development in that northern area of the genus.



JOURNAL OF THE ARNOLD ARBORETUM

TAXONOMIC HISTORY OF THE GENUS

The name Prosopis, selected by Linnaeus for this genus, is of ancient

Greek origin and means a kind of prickly fruit, such as the head of

Arctium lappa L. (Compositae). Pfeiffer (Nomencl. Bot. 2(2): 842.

1874) wrote, "Nomen ex Dioscoride, ubi Lappam significat." The inter-

pretation of classic Prosopis as a species of Petasites (Dictionary of Gar-

dening, Roy. Hort. Soc, Oxford, 1965) is incorrect. Linnaeus, in this

case as in others, proceeded arbitrarily, changing a name of age-old tra-

dition and raising the opposition of contemporary, erudite botanists such

as Albrecht von Haller. However, at present Linnaeus's name must be

accepted. He apparently knew only one species, the type species of

Prosopis from the Near East, which he called P. spicigera in his Mantissa

Plantarum, published in 1767.

Ludwig Pfeiffer, in his important bibliographic work mentioned above,

offers a number of references to the early use of the name since Linnaeus,

which I shall not repeat here. However, some of them are of value as

milestones in the development of the taxonomy of Prosopis.

The Ceratonia chilensis of Ignacio Molina (Saggio sulla storia naturale

del Chili 172. Bologna. 1782) seems to be the second species described.

However, it was ignored for a long time, owing to its inclusion in the

wrong genus; its author was misled by the similar Spanish name, struc-

ture, and uses of the fleshy legume of the Mediterranean St. John's bread,

Ceratonia siliqua L. It is Prosopis chilensis, the "Algarrobo de Chile"

(a big tree of the affinity of Prosopis juliflora (Sw.) DC. of northern
South America and now the type of ser. Chilenses, ser. nov.) which causes

taxonomists so much difficulty.

Mimosa juliflora of Olof Swartz, published in 1788, was the third species

recognized, but it was not incorporated into Prosopis until 1825. Mimosa
strumbuUjera Lamarck (later corrected to strombulijera) , Encycl. Meth.
Bot. 1: 15, appeared in 1789 and was the first known species of sect.

Strombocarpa. Willdenow transferred this to Acacia (Sp. PI. ed. 4. 4(2)

:

1055. 1806).

The voyage of Humboldt and Bonpland to tropical America (1799-
1805) contributed various species, first described as species of Acacia by
Willdenow {Ibid. 1058, 1059) and later placed in the proper genus by
C. S. Kunth (H.B.K. Nov. Gen. Sp. PI. folio ed. 6: 305-310. 1823).
The founders of the present limits and subdivisions of the genus are

A. P. De Candolle and G. Bentham, the universally known great plant

systemaUsts of the 19th century. The former (DC. Prodr. 2 : 446 et passim.

1825) incorporated the American sect. Algarobia (with the erroneous
character ''antherae eglandulosae"), enumerating 13 species, if we include
the dubious Prosopis affinis Sprengel (evidently of this section but listed

by De Candolle under species "non satis notae." De Candolle failed to

incorporate Lagonychium M. Bieb., which is very near sect. Adenopis
DC, the typical section of Prosopis, and he did not recognize sect. Strom-
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BOCARPA, defined later by Bentham, in spite of his knowledge of two of

its species, P. torquata (Lag.) DC. {loc. cit. 448) and ''Mimosa" strom-

buUjera Lam. (cited as Acacia strumbuUjera (Lam.) Willd. in DC. Prodr.

2:455).

Discrepancies concerning the generic limits of Prosopis continued for a

time. C. S. Rafinesque Schmaltz, working quite independently and get-

ting no acceptance for his views, founded the genus Neltuma Raf. (Sylva

Telluriana 119. 1838), with N. juliflora as the type. Only a year later,

Bentham considered Prosopis sect. Algarobia DC. worthy of generic rank

{Algarobia Bentham, Plantae Hartwegianae 13. 1839), but on false as-

sumptions derived from De Candolle's partially incorrect description.

Unfortunately, Algarobia is a synonym of Neltuma Raf. However. Ben-

tham confirmed De Candolle's diagnosis of the spines, "spec. Americanae

spinis nullis aut axiUaribus" (Prodr. 2: 446. 1825), of utmost importance

in the distinction of sections, stating (loc. cit.), "spinae axillares supra

stipulas natae ut DC. 1. c. in char, sectionis, nee stipulares ut in diagnosi-

bus specificis."

A short time later, Bentham changed his mind and accepted Prosopis

nearly in its present wider limits (Hooker's Jour. Bot. 4: 346-352.

1842). He maintained his system in the "Revision of the Suborder Mimo-

seae" (Trans. Linn. Soc. London 30: 376-381. 1875) and was followed

by many authors, e.g., P. Taubert (in Engler & Prantl, Nat. Pflanzen-

fam. 3(3): 118, 119, 385. 1891).

In my paper "Materiales para una monografia del genero Prosopis

(Leguminosae)" (Darwiniana 4: 59, 60. 1940), I accepted and com-

mented upon Bentham's system. In a previous paper on the morphology

and ethology of the genus (Darwiniana 3: 24-47. 1937),

a sound morphological and anatomical

in sects. Algarobia and Strombocarpa.

The strongest attack against a wide concept of the genus came in

modern times from Britton and Rose in their treatment of "Mimosaceae

(in North American Flora 23(3): 180, 182-187. 1928), followed later

by a number of other authors not specialists in the study of Legummosae^

Britton and Rose recognized three genera, Sopropis, Strombocarpa, and

Neltuma (Algarobia), describing at the same time nine new "species of

Neltuma most of which have since fallen into synonymy, bopropis Brit-

ton & Rose (as gen. nov.) is only an outstanding form of Strombocarpa^ I

explain elsewhere in the present paper my opinion that the main ditter-

ences between sections Prosopis, Algarobia, and Strombocarpa are the

vegetative spine characters and are, therefore, only of subgeneric rank.

Those who prefer to divide the genus (an opinion which 1 do not sus-

tain) must remember that the section Strombocarpa as a
f^}'\[f^-

bocarpa Englm. & A. Gray, Boston Jour. Nat. Hist. 5: 243. 845) is

antedated by Spirolobium D'Orbigny (Sertum Patagonicunu tab. 13.

1839) and sect. Algarobia as a genus (Algarobra DC.) ^en^ham P an-

tae Hartwegianae 13. 1839) by Neltuma Raf. (Sylva Tellur ana 119^

1838). In this case, Prosopis would be reduced to the three Asiatic species
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known at present, and all the American ones would become either Spiro-

lobium or Neltuma. The remaining African section, with only P. africana,

would also have to be raised to generic rank, because it shows no affinity

with the bulk of the American species, nor with the type section of Pro-

sopis. This would cause a total change in the nomenclature of many well-

known species, with no benefit to anyone. More modern approaches,

from the karyological, palynological, and chemotaxonomic researches, do

not support (or only slightly support) such a radical subdivision into four

genera. Moreover, other large genera of the Mimosoideae, especially Aca-

cia, would have to be divided on the same grounds of purely vegetative

characters. Finally, why do we have the categories of subgenus, section,

and series if we do not use them? These are of great help in expressing in-

trageneric affinities without the excessive splitting and resulting changes

of names so often resisted by those who must use them. I follow here the

principles of the International Code of Botanical Nomenclature.

Minor changes at the sectional level merit a brief consideration. Ben-

tham, in his famous joint work with Hooker, Genera Plantarum (1(2)

:

591. 1865), defined a section Circinaria with one tropical African species,

which he later ("Revision of the suborder Mimoseae," Trans. Linn. Soc.

London 30: 515. 1875) reduced to the synonymy of Acacia albida Delile.

The species was called P.? kirkii by Oliver (Fl. Trop. Africa 2 : 332. 1871).

Such errors concerning the genus are not uncommon in dealing with trop-

ical Mimosoideae when the specimens lack flowers, owing to a certain

degree of convergence in the legume characters. Taubert, writing the

treatment of the Leguminosae for Engler and Prantl's Natiirlichen Pflan-

zenfamilien, accepted sect. Circinaria in the text, but suppressed it in the

errata section (3(3): 119, 385. 1891).

Another "section" which later had to be suppressed is sect. Lomentaria
C. Spegazzini (Anal. Soc. Ci. Arg. 47: 286. 1899), based on Prosopis

striata Bentham, a synonym of Prosopis globosa Gillies ex Hooker &
Arnott. In a note I tried to clear up the bewildering synonymy of this

Patagonian species (Burkart, Physis 20: 53, 54. 1945) without changing
its position in sect. Lomentaria (Darwiniana 4: 63. 1940). However,
the question of the correct genus was raised after the discovery by Dressier

of a closely related taxon, Prosopis globosa var. mexicana Dressier, in Baja
California, Mexico. This was later given specific rank, in a new genus,

Prosopidastrum Burkart (Darwiniana 13: 436-443. 1964), with two
species, P. mexicanum (Dressier) Burkart (the type) and P. globosum
(Gillies ex Hooker & Arnott) Burkart. This is a remarkable instance of

bicentrism— two very closely related species, one in northwestern Mex-
ico, the other in Patagonia, with no other affinities. The genus Prosopi-
dastrum has dehiscent legumes in the type species, but not in the other

one; the two species are similar vegetatively, with stipules spiny and
recurved and twigs ending in a spine, a combination not found in any
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Prosopis Linnaeus emend. Burkart.

Type species. Prosopis spicigera Linnaeus, Mantissa PI. 68. 1767; cf.

Burkart, Darwiniana 4: 59, 6L 1940. Now a synonym of P. cineraria

(L.) Druce.

I. Prosopis sect. Prosopis.

Prosopis sect. Adenopis DC. Prodr. 2: 446. 1825.

Lagonychium M. Bieb. Suppl. Fl. Taur. Cauc. 3: 288. 1819.

Shrubs or small trees armed with internodal, straight prickles; no

stipular or axillary spines. Flowers in spikelike racemes; petals and

ovary entirely glabrous; pollen with areolate exine. Fruit slender or

turgid, long or short, very slightly curved; seeds longitudinal or trans-

DiSTRiBUTioN. Southwest Asia, North Africa; three species.

II. Prosopis sect. Anonychium Bentham in Hooker's Jour. Bot. 4:

347 1842; sect. ''Anonychia'' Bentham, "Revision of the Sub-

order Mimoseae," Trans. Linn. Soc. London 30: 377. 1875.

Unarmed trees. Leaves well developed; racemes spikelike. Petals

glabrous; ovary and style hairy; anther gland introrse, on an expanded,

incurved connective; pollen small, the exine perforated, with costae.

Legume subterete, straight, thick; seeds longitudinal.

Type species. Prosopis oblonga Bentham, loc. cit., a synonym of P.

africana (Guill., Perr., & Rich.) Taubert.

Distribution. Tropical Africa; only one species.

III. Prosopis sect. Strombocarpa Bentham in Hooker's Jour. Bot. 4:

351. 1842.

Spirolobium D'Orbigny, Sertum Patagonicum. tab^
^^-J^^^.

Strombocarpa Engelm. & A. Gray, Boston Jour. Nat. Hist. >. /4.>. la^D,

cording to Hutchinson, Gen. FI. PI. 1: 287. 1964.

Always spiny shrubs or trees, the spines foliar; stipules lignified, devel-

oped into paired, straight, divergent spines of variable length mosUy

fused at base and somewhat decurrent from the nodes, external to the
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axillary buds or foliate brachyblasts. Flowers in globose to ovoid heads

or in more or less elongated spikes; corolla gamopetalous, the petals vil-

lous to scarcely pilose within at the tip; pollen medium-sized, the exine

thick, ornamented. Leaves with only one pair of pinnae. Fruit straight,

curved, or coiled into a dense spiral.

Type species. Prosopis strombulijera (Lam.) Bentham.

In this section two series can be distinguished.

Prosopis ser. Strombocarpae A. Burkart, ser. nov.

5ita. Legumen

for the section: Prosopis strombulijera

Mexico to Chile and

Prosopis ser. Cavenicarpae (Burkart) Burkart, comb. nov. Basionym:
Prosopis sect. Cavenicarpa Burkart, Darwiniana 4: 76. 1940.

Endocarpii segmenta seminaque in legumine transverse bifariam dis-

posita. Legumen subrectum, falcatum, vel annulare, turgidum, baud
lateraliter tortum.

Type species. Prosopis jerox Grisebach.

Distribution. South America; two species.

IV. Prosopis sect. Monilicarpa Ruiz Leal ex Burkart, sect. nov.

Prosopis sect. Monilicarpa Ruiz Leal nomen nudum in Cohen, Cei, & Roig,
Rev. Fac. Ci. Agr. Univ. Nac. Cuyo 13: 31. 1968.

Frutices ramis teretibus elongatis flexuosis, foliis alternis baud fascicu-

latis, unijugis; spinae solitariae, axillares, breves, uninodales necnon api-

cales. Racemi laxi, elongati, pauciflori. Flores pro rata magni, pubescentes;
petala intus pilosa; glandula antherali minima. Legumen drupaceum,
moniliforme, elongatum, rubrum; articuli ovoideo-globosi baud compressi,
isthmi valde constricti; endocarpium osseum.

Type species. Prosopis argentina Burkart.

Distribution. Western Argentina; one spec
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V. Prosopis sect. Algarobia DC. Prodr. 2: 446. 1825.

Neltuma Raf. Sylva Telluriana 119. 1838.

Algarobia (DC.) Bentham, Plantae Hartwegianae 13. 1839.

Trees, shrubs, or rarely subshrubs without rhizomes, spiny or rarely un-

armed; spines cauline, axillary, uninodal, rarely multinodal, solitary or

frequently paired and internal in position between the multiple buds and

the main internode; stipules small, never spinescent. Flowers in spike-

like racemes; petals more or less free, villous inside toward the apex;

pollen small, the exine thin, slightly or not at all ornamented. Fruit a

drupaceous legume, straight, falcate, annular, or coiled into a very lax

and open spiral with 1 to 3 turns, stipitate and acuminate; seeds more or

less numerous within, with hard or coriaceous endocarp segments in one

longitudinal row.

Type species. Prosopis juliflom (Sw.) DC.

Distribution. Warmer and drier parts of America; about twenty-nine

In this, the largest section, several series can be distinguished.

Prosopis ser. Sericanthae Burkart, ser. nov.

Frutices vel arbores subaphyllae, horridae, ramosae; rami spinosi, ax-

illares et terminales, spinas multinodales formantes.

Type species. Prosopis sericantha Gillies ex Hooker & Amott.

Distribution. Argentina, Paraguay; two species.

Prosopis ser. Ruscifoliae Burkart, ser. nov.

Arbores foliatae; spinae axillares, uninodales, validae, parvae yel nul-

lae, solitariae vel interdum alternatim 1 vel 2. Folia unijuga; foliola saepe

pro genere magna vel mediocria, illis serierum sequentium maiores; racemi

spiciformes. Legumen elongatum, compressum, articuhs subquadratis.

Type species. Prosopis ruscijolia Grisebach.

Distribution. Gran Chaco (Argentina, Paraguay); four species.

Prosopis ser. Denudantes Burkart, ser. nov.

Frutices ramosi, spinosi; spinae axillares, uninodales, semper soli-

tariae Folia parva vel mediocria, bipinnatim unijuga, caduca^ Flores

breviter racemosae. Legumen drupaceum, crassiusculum complanatumve,

subsiccum.
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Type species. Prosopis denudans Bentham.

Distribution. Southwestern Argentina (Patagonia, Cuyo) ; four species.

Prosopis ser. Humiles Burkart, ser. nov.

Frutices vel subfrutices spinosi, ramis (in sicco) striatis. Folia parva,

bipinnatim unijuga vel reducta 2-foliolata, caduca. Spinae axillares,

geminatae, uninodales, in sicco striatae. Racemi spiciformes, breves. Le-

gumen compressum.

Type species. Prosopis humilis Gillies ex Hooker & Arnott.

Distribution. Central Argentina, Paraguay; two species.

Prosopis ser. Pallidae Burkart, ser. nov.

Arbores vel frutices elati vel nani; spinae uninodales, axillares geminatae.

Folia parva vel mediocria, contracta bipinnatim, pauci- vel plurijuga.

Racemi elongati, foliis longiores vel subaequales. Legumen compressum,
elongatum, subrectum vel annulare; segmenta endocarpi subquadrata
vel elliptica, longitudinalia.

Type species. Prosopis pallida (Willd.) HBK.

Distribution. Argentina to Mexico ; seven species.

Prosopis ser. Chilenses Burkart, ser. nov.

Arbores vel frutices; spinae uninodales, axillares, geminatae, validae

vel parvae, interdum nullae, rarius alternatim 1 vel 2 pro nodo in eodem
ramulo. Folia bipinnata pauci-(l-4-)juga, saepe ampla; racemi spici-

formes foliis aequilongae vel breviores aut paullo longiores; foliola parva,

mediocria usque longiuscule lineares, in rachide approximata vel dissita.

Legumen drupaceum elongatum, plus minusve pulposum, lineare, compres-
sum, subrectum, falcatum, annulare vel laxe spiraliter tortum; segmenta
endocarpii numerosa, uniseriata, coriacea. saepe subquadrato-ovata, isthmi
lad.

Type species. Prosopis chilensis (Molina) Stuntz emend. Burkart.

Distribution. Southwestern United States and Mexico to Chile, Argen-
tina, and Uruguay: eleven species.



(Arranged by Sections and ;

Prosopis Linnaeus emend. Burkart

I. Prosopis sect. Prosopis (syn. sect. Adenopis)

2. P.farcta

var. glabra

3. P.koelziana

II. Prosopis SI

4. P. africana

III. Prosopis sect. Strombocarpa (syn. Spirolobium)

Ser. Strombocarpae

5. P. strombulifera

var. strombulifera

P. pubescens

P. palmeri

P. burkartii

IV. Prosopis sect. Monilicarpa

14. P. argentina

V. Prosopis sect. Algarobia (syn. Neltuma, Algarobia)

Ser. Sericanthae

15. P. sericantha

16. P. kuntzei

Ser. Ruscifoliae

17. P.ruscifolia

18. P.fiebrigii

19. P. vinalillo

20. /'. hassleri

var. hassleri

var. nigroides
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27. P.rubriflora

28. P. campestris

29. P. Pallida (including P. limensis)

30. P. affinis (syn. P. algarobilla)

Ser, Chilenses

34. P. chilensis

var. chilensis

var. riojana

. P. nigra

var. nigra

var. ragonesei

var. longispina

. P. caldenia

. P. laevigata

var. laevigata

var. andicola

. P. flexuosa

forma subinerm,

P. glandulosa

var. glandulosa

var. torreyana

var. prostrata

P. alpataco

P. alba

var. a/6a

/*. velutina



Tentative key to the species of Prosopis throughout the World

Petals glabrous. Prickly or unarmed shrubs or trees; no stipular or axillary spines present. Flowers in elongate, spikelike

racemes. Legume elongate, slender or thick, straight to subfalcate.

2. Ovary glabrous. Shrubs or trees mostly armed with internodal, straight, divergent prickles. Stipules caducous, foliaceous,

leafletlike or a little larger; leaflets small. Anther gland straight. (Sect. Prosopis.)

3. Leaves 1-3-jugate, glabrous. Legume long-stipitate, the stipe 0.8-2 cm. long; fruit slender, somewhat moniliform, linear

to much elongate, cuneate at base. Seed segments longitudinal to transverse.

4. Legume very slender and elongate, cylindroid-subtorulose, 8-19 cm. long X 4-7 mm. in diameter. Seeds longitudinal,

separated from each other, in one row. Spikelike racemes solitary or mostly paniculate; primary bract amplexicaul,

with oblique insertion. Southwest Asia 1. -P- cineraria.

4. Legume short-linear, subtorulose, 4-6 cm, long X 8-10 mm. in diameter. Seeds approximated, in transverse-oblique

position. Racemes solitary, axillary; bracts lacking. Iran 3. P. koelziana.

3. Leaves 2-7-jugate, pubescent or glabrous. Legume short- stipitate, turgid, ovoid to thickly terete, rounded and longitu-

dinally furrowed at base, straight or more often inwardly curved. Seeds transverse, in two rows. Racemes solitary,

without basal amplexicaul bract. Southwest Asia 2. P. farcta.

2. Ovary villous or hirtellous. Unarmed trees. Stipules small, not foliaceous; leaflets medium-sized, larger and fewer. Anther

gland introrse. on a broad, inwardly curved connective. Legume straight, subterete, thick. (Sect. Anonychium.) Trop-

ical West Africa to Ethiopia 4. P. africana.

Petals internally villous or at least somewhat pilose toward the apex, externally glabrous or pubescent. Ovary pubescent to

villous. Trees, shrubs, or subshrubs armed with stipular or axillary spines, sometimes (secondarily) unarmed, never prickly.

Flowers in spikelike racemes or heads. Legume elongate, subcylindric or more often compressed, straight, curved, or spirally

coiled, rarely moniliform.

5. Spines foliar; stipules transformed into straight, divergent, paired spines, small or large, but present on all nodes, mostly

united at base and more or less decurrent. external in position to the axillary bud or brachyblast (short shoot). Leaves

with only one pair of pinnae; leaflets small, numerous. Flowers in spikes or heads, reddish-yellow, corolla gamo- or dialy-

petalous. Legume straight, falcate, or coiled into an open or dense spiral. Endocarp segments longitudinal or transverse.

(Sect. Strombocarpa.)

6. Endocarp segments and seeds in longitudinal position, forming one row; segments developed and closed, or endocarp

thin, nearly continuous. Fruits various, ranging from straight to laterally coiled like a corkscrew. Trees or shrubs.

(Ser. Strombocarpae.)



7, Legume subterete, nearly straight to subfalcate. Flowers sessile, in spikes. Petals highly connate, nearly glaJDrous

inside. Mexico, Baja California 10- ^- /'«^»^^"-

7. Legume always laterally curled or coiled in more than 1 o closed circles. Flowers i

8. Flowers in elongate spikes; floriferous rachis 2-8 cm. long.
^ „ r^ ^

9 Legume moniliform, in a few (1-3) coils with a central hole. Endocarp segments bony. Small tree. Central

and northwestern Argentina 8- ^- torguata.

9. Legume not or scarcely moniliform, in closed coils without central hole. Endocarp segments coriaceous to thm,

delicate, often continuous.
.

10. Coils of the legume few (1-3), irregular, submoniliform, several legumes together formmg a globose

mass. Large, dense shrub with spreading horizontal branches. Northern Chile: Tarapaca. II. P. burkartii.

10. Coils of the legume numerous, regular, the margins parallel, the spirals usually forming a cylindrical

structure. Tree. Southwestern North America 9. P. pubescens.

8. Flowers in short-cylindric, ovoid or globose heads; floriferous rachis 1 cm. or less long.
., ^ „

11. Heads ovoid to short-cylindric, 1.5-1.8 cm. long. Legume reddish-brown, in 2 to 7.5 irregular, dense coils. Tall

shrub or small tree. Central Argentina . '

J" f"
"^j''^^'^^''-

11. Heads perfectly globose. Legume yellow, in more numerous, regular coils. Smaller shrubs forming loose

thickets by creeping gemmiparous roots (or rhizomes?).

12 Leaflets separated, glabrous, in 3 to 8 pairs per pinna. Western Argentina, northern Chile, Peru(?). .

5. P. strombulijer-

12 Leaflets close together, mostly pubescent after drying imbricated, in (2 to) 6 to 12 pairs per pint

smaller
t.P.rem

13. Leaflets pubescent; bracts small. Central Argentina, Peru 6. P. reptans var. reptans. w
13 Leaflets glabrous or of a more villous type, especially when young; bracts larger and villous. Texas. ^

6. P. reptans var. cinerascens. g
6. Endocarp and seeds in transverse position, mostly alternate segments forming two rows. Fruits thicker, subcylindric,

nearly straight, falcate or once-annular, ring-shaped, incurved, not laterally coiled. (Ser. Cavenicarpae.)

14 Tree becoming 15-18 m. tall in age. Stipular spines 0.5-3.8 cm. long. Leaflets obtuse. Legume curved, forming a _
half to complete ring, subtorulose, 7-11 mm. in diameter, the sutures impressed. Seeds 3-4.3 mm. long. Northern <

14. Trees or shrubs 2-S m. tall. Stipular spines up to 5 cm. long. Leaflets acute or mucronate. Legume straight or is



incurved, not torulose, 10-18 mm. in diameter, 2.5-7 cm. long X 1-1.8 cm. thick; placental suture prominent. S
Seeds 4.5-6 mm. long. Extreme northwestern Argentina, southern Bolivia 12. P. jerox. S

5. Spines cauline; thorns resulting from metamorphosed branchlets, multi- or uninodal, long or short, not on all nodes but
seldom entirely absent, solitary or frequently in axillary pairs ("geminate"), then internal in position between the multiple

buds (brachyblasts or short shoots) and the main branch internode. Leaves with one to 8 pairs of pinnae, sometimes re-

duced. Racemes spikelike (amentiform), slender; flowers yellowish or sometimes red, the petals little connected, more
or less free. Fruit a drupaceous loment, linear, rarely moniliform, straight, falcate or in a few open coils. Endocarp ar-

ticles longitudinal, in one row. (Sect. Monilicarpa and sect. Algarobia.)

IS. Plants spiny; spines present on at least some nodes, generally better developed on strong shoots than on small twigs.

16. Spines multinodal; terminal and lateral thorns, with scars representing the reduced leaves. Subaphyllous, hor-

ridulous shrubs or trees, with all branchlets spiny. Legume nearly straight or slightly curved, dark or dullish red.

(Sect. Algarobia, ser. Sericanthae.) §
17. Shrubs. Calyx and corolla hirtellous outside. Flowering racemes short, ovoid. Spiny twigs slender, ca. 0.8- ^

2.5 mm. in diameter. Legume 7-14 cm. long X 0.8-1.3 cm. wide, somewhat constricted between the endo- >
carp segments; exocarp dark, dullish red. Northwestern and west-central Argentina 15. P. sericantha. ^

17. Trees. Calyx and corolla glabrous outside. Flowering racemes slender, elongated. Spiny twigs thicker, ca. -

1.2-5 mm. in diameter. Fruit larger, 10-17 cm. long X 1.5-2.6 cm. thick, not constricted, the exocarp nearly ^
Paraguay, southeastern Bolivia, north-central Argentina (Gran Chaco region) O

IS lateral or exceptionally so {P. argentina)

\ species subaphyllous. Fruits varied, yellowish to brown, red,

Axillary spines solitary, only one per node, exceptionally solitary or geminate ^

with one pan: of pinnae, rarely bijugate.

19. Spines axillary and some terminal, small. Branching uniform, with only megablasts (long shoots), but
without brachyblasts (short axillary, knotty shoots). Flowers rather large; calyx and corolla pubescent
outside. Legume moniliform; segments globose-ovoid, acute, thick, with thin isthmi; exocarp bright

red, showy. Anther gland very small. (Sect. Monilicarpa.) Northwest Andean Argentina

19. Spines always axillary (or lateral). Branching double, with elongate megablasts forming the skeleton

of the treetops and abbreviated axillary brachyblasts from multiple buds producing fascicles of smaller

leaves and inflorescences. Corolla glabrous or pubescent outside ; florets smaller. Legume linear-oblong,



compressed; endocarp segments flat, subquadrate to ellipsoid, with broad, rarely contracted isthmi; exo-

carp yellow, brown, or violet-spotted. Anther gland larger. (Sect. Algarobia.)

20. Leaflets exceptionally large and broad. 2-10 cm. long X 0.7-3.8 cm. broad, only 2 to 5 pairs per

pinna. Spines always solitary, large, up to 35 cm. long. Legume long, compressed, constricted be-

tween segments. Trees. (Ser. Ruscifoliae.) 17. P. ruscifoha.

20. Leaflets smaller to very small, sometimes medium-sized, or if long, then linear, narrow.

21. Spines always solitary per axil. Leaflets small. 1.5-12 mm., exceptionally to 15 mm. long, alter-

nate on lower part of pinna. Leaves small to medium-sized (P. ruizleali). Shrubs. Racemes

medium to short. (Ser. Denudantes.) Argentine endemics: Cuyo and Patagonian provinces.

22. Racemes spikelike; flowers pedicellate. Leaflets distant on the rachis.

2i. Twigs without prominent nerves, soon reddish-brown. Legume turgid, nearly black at

maturity, glabrous. Leaves glabrous.

24. Leaves small, with 1 to 4 pairs of leaflets per pinna. Legume falcate to annular,

sometimes straight or thin. Argentina: Patagonia 21. F. denudans.

24. Leaves larger, to 8-9 cm. long, with 3 to 9 pairs of leaflets per pinna. Legume

thick, straight, falcate to subannular. Western Argentina: Mendoza and Neu-

quen. .

22. P. ruizleali.

2Z. Twigs longitudinally nerved, green for a longer period. Legume compressed, olive-

brown, pubescent. Leaflets pubescent, 4 to 7 pairs per pinna. West-central Argentina:

Prov. San Juan 24. P. calingastana.

22. Short, subglobose flower heads; florets sessile. Leaflets very small, approximate-imbricate,

1.6-3.5 mm. long, 3 to 12 pairs per pinna. Twigs greenish, with several longitudinal,

prominent nerves. Legume broadly oblong, much flattened, somewhat curved; pericarp

thin, dry; segments subquadrate. Western Argentina: Mendoza and Neuquen

2S. P. castellanosii.

21. Spines solitary or geminate alternately along the branchlets, sometimes all solitary. Leaflets

larger, medium-sized to long and narrow, mostly 15-63 mm. long, exceptionally only 8 mm.

long, opposite on the pinnae. Leaves medium to rather large. Spikelike racemes cylindrical,

long. Trees or large shrubs.

25. Legume not moniliform, its margins parallel or subparallel. Spines short.

26. Leaflets oblong, less than 5 times as long as broad, herbaceous, ca. 6-23 mm. long X



1.6-5. 5 mm. broad. Legume straight, falcate only at the apex, mostly straw-colored

or brown. Trees or tall shrubs. Tropical coasts, Mexico, Central America, Antilles,

northern South America. Also cultivated. (Ser. Chilenses.)

35. P. juliflora var. juliflora.

26. Leaflets linear (except for abnormal, diseased(?) ones usual on the same twigs), more
than 5 times longer than broad, subcoriaceous, ca. 0.7-63 mm. long X l.S-4.5 mm.
broad. Legume straight, brownish. Trees or shrubs, erect to prostrate. Southwestern

North America 40. P. glandulosa.

25. Legume moniliform, slender, elongate, compressed, its margins undulate, faces spotted.

Spines large, small, or absent. Leaflets tending to fusiform, 10-30 mm. long X 2-12 mm.
broad. Argentina; Gran Chaco, (Ser. Ruscifoliae.) 19. P. vinalillo*

Axillary spines geminate, nearly constantly two pairs of spines per node. Leaves with 1 to 8 pairs of pinnae,

in most species ample, 1-3-jugate, in some reduced.

27. Leaves reduced, very small, deciduous, dominated by the well-developed, long spines. Subaphyllous

glabrous shrubs or subshrubs. Twigs and spines longitudinally striate. Legume subfalcate, compressed.

(Ser. Humiles.)

28. Subshrub with woody rootstocks; branchlets and spines prominently nerved and sulcate. Flowers

bright red. Leaves 1-jugate, the leaflets 1 to 3 pairs per pinna, small, oval; or leaves simply pin-

nate, with 1 to 2 pairs of leaflets. Spikes frequently replacing one spine of a pair. Central Argentina.

25. P. humilis.

28. Larger shrub or tree; branchlets and spines longer, less striate. Flowers dull in color. Leaves al-

ways bipinnate, 1-jugate; petiole dilated at summit; leaflets 8 to 17 pairs, small, imbricate. Para-

guay : Chaco 26. P. rojasiana.

27. Leaves well developed or if small, never simply pinnate. Twigs and spines terete, neither nerved nor

Pinnae 3 to 8, mostly 5 pairs per leaf. Stamens and styles bright red. Racemes long, slender, longer

than the leaves; leaflets numerous, small, approximate. Medium-sized tree; spines small. North-

eastern Paraguay. (Ser. Pallidae.) 21. P. rubrifiora.

Pinnae only 1 to 4 pairs per leaf. Flowers greenish-white to yellowish with age.

* See also species no. 20, P.

)



Dwarf, 10-50 cm. tall, prostrate, extended, much-branched, hard, thorny little shrub. Leaves
small, with 1 to 2 pairs of pinnae, pubescent; leaflets 1.5-6 mm. long, linear, approximate, 6

to 17 pairs per pinna. Racemes ovoid-cylindric ; flowers pubescent. (Ser. Pallidae.) Central

Argentina; Cordoba mountains. 2S. P. campestris.

Larger shrubs or trees, mostly 1 m. to more than 15 m. tall. Pinnae 1 to 4 pairs.

31. Leaves small, contracted; racemes long, slender, longer than or equalling the leaves. Leaf-

lets approximate, pubescent to glabrous or only ciliolate. (Ser. Pallidae and ser. Chilenses

S2. Legume dry, compressed, its margins undulate, the pericarp thin; endocarp segments

rhombic, with longitudinal or oblique seeds, the isthmi very narrow, central. Leaves

1 (-2) -jugate; leaflets 6 to 20 pairs per pinna; pinnae 0.4-6.5 cm., shorter than or

equalling the racemes. Northwestern Mexico 21. P. articulata.

32. Legume fleshy, compressed but thicker; endocarp segments ovate to subquadrate, the

isthmi broad, nearly as broad as the segments. Leaves various.

33. Leaflets prominently pinnatinerved below; 6 to 30 pairs per pinna, broadly

oblong, obtuse, 2-8.3 mm. long, more or less pubescent or ciliate. Legumes
straight with parallel margins or little constricted.

34. Legumes broad, 0.9-1 .6 cm. in diameter.

35. Leaflets obtuse or obtuse and mucronate, 6 to 15 pairs per pinna, 2.5-8.3

mm. long and 1.4-4 mm. broad. Spines small, sometimes absent. Le-

gume straight, thick, straw-yellow, 1-1.5 cm. broad, glabrous. Southern

Colombia to Peru; Hawaiian Islands 29. P. pallida.

35. Leaflets subacute or acute, 10 to 30 pairs per pinna, linear, 2-7.5 mm.
long X 0.8-1.8 mm. broad. Spines small. Legume submoniliform, an-

nular, spotted, glabrous, 0.9-1.6 cm. broad. Northeastern Argentina,

Paraguay 30. P. affinis.

34. Legumes narrow, 0.6-0.8 cm. broad.

36. Spines strong, divergent horizontally, the intemodes to 7.5 cm. long,

often constricted at base. Foliage green. Legume straight, pubescent.

Tall shrubby tree. Western Gran Chaco 32. P. elata.

36. Spines weak, never horizontally divergent. Foliage small, glaucous.



Legumes straight, glabrous or puberulous. Small trees. Mexico : Tamau-

lipas 33. P. tamaulipana.

2,2>. Leaflets without nerves or only the midrib (costa) visible below. Leaves small,

delicate; racemes longer. Large tree. Central Argentina. ...... i1. P. caldenia.

Leaves larger, ample, expanded, lax, equalling the racemes in length or a little longer or

shorter. Leaflets numerous, distant or approximate on the rachis. Trees or shrubs.

37. Leaflets small, 2-7.S(-10) mm. long, linear-oblong, obtuse, approximate, overlapping,

touching each other or separated by less than their own width; glabrous or rarely

ciliolate. Trees or large shrubs. (Ser. Nigrae.)

38. Trees, becoming large in age, the tops round with pendulous twigs and neat

trunk. Spines small, absent on small branchlets.

39. Leaflets pubescent, close together on the pinna. Mexico. . . 43. P. velutina.

39. Leaflets glabrous.

40. Leaflets oblong, reticulately pinnate-nerved below, 4-7 mm. long X
1.2 mm. broad, neither distant nor approximate, touching the rachis.

Legume straight to subfalcate, compressed-moniliform. Central

gentina and the Gran Chaco 36. P. nigra.

40. Leaflets linear, smaller, without nerves or only the midrib (costa) vis-

ible below, 2.7-5.4 mm. long X 0.2-1.1 mm. broad, approximate. Le-

gume falcate to coiled in 2 to 3 open, lax spirals, not moniliform

South-central Argentina 3,1. P. caldenia

38. Large shrub. Spines large, directed horizontally, stout. Argentina: western Gran

Chaco (see ser. Pallidae in key (31) above) n. P. elata.

With slender, long spines; trees 36. P. nigra var. long'

37. Leaflets (or at least most of them) larger, 4-63 mm. long. (Ser. Chilenses

species 01 ser. Kusciioiiae.;

Leaflets pubescent, medium-sized, 5-1 5 (-20) mm. long. X 2-4.8 mm. broad.

Pinnae 1 to 4 pairs.

42. Legume glabrous. Leaflets distant, 12 to 14 pairs per pinna, pubescent to

subglabrous. Racemes 9-12 cm. long. Twigs soon blackish or gray. North-

ern Peru 35. P. juliflora var. horrida.



42. Legume velvety pubescent, mainly when unripe. Leaflets approximate, 12 to

30 pairs per pinna, pubescent. Racemes 5-10 cm. long. Twigs greenish-

brown. Southwestern North America 43. P. velutina.

Leaflets glabrous or only ciJiolate on the margins, medium-sized to large.

43. Leaflets large, 10-63 mm. long, glabrous, separated on the rachis by more
than their own width.

44. Leaflets linear, narrow, or in some varieties broader, 1.1-5.4 cm. long

X 1.1-3 (-5) mm. broad; costa visible but of the same color as the

mesophyll; secondary veins absent, obscure, or a few subparallel from
base. Legume broad to narrow, straight, falcate, or annular according

to varieties. Large trees or tall shrubs; spines always geminate, some-

times absent. Peru, Bolivia, central Chile, northwestern Argentina.

34. P. chilensis.

44. Leaflets somewhat broader or veins more visible; costa light-colored,

contrasting with the mesophyll. Spines alternately geminate or soli-

tary on the same shoot. Legumes straight.

45. Leaflets lanceolate to elliptic-oblong or fusiform, 10-30 mm. long

X 2-12 mm. broad. Legume slender, elongate, subfalcate or straight,

compressed-moniliform. Tree. Argentina : Gran Chaco

19. P. vinalillo.

45. Leaflets linear to oblong-linear, 7-63 mm. long, distant, 5 to 15

times as long as broad. Usually shrubby. Legume thicker. North
America : Texas, Mexico 40. P. glandulosa.

43. Leaflets medium-sized, ca. 4-23 mm. long, approximate or distant, glabrous

or only ciliolate on margins.

46. Leaflets elliptic-oblong, broad, usually not separated by more than

their own width.

47. Leaflets ca. 15 to 41 pairs per pinna, approximate, subcoriaceous,

5-15 mm. long, 2 to 7 times as long as broad. Legume straight,

thick. Mexico 38. P. laevigata.

47. Leaflets less than 30 pairs per pinna, more distant.



Leaflets herbaceous, oblong, pinnatinerved, corrugated when

dry, 6 to 15 pairs per pinna, 10-23 mm. long. Trees or tall

shrubs; spines rather small, geminate or alternately solitary

and paired. Legume elongate, subfalcate, yellow, with parallel

margins. Tropical coasts, Antilles, northern South America,

and Central America 3S. P. juliflora.

Leaflets subcoriaceous, thicker, not becoming corrugated by

49. Leaflets short, 4-12 mm. long. West-central Argentina.

39. P. flexuosa.

49. Leaflets longer, 15-25 mm. Mexico, southwestern United

States 40. P. glandulosa var. iorreyana.

46. Leaflets very narrowly linear.

50. Large trees. Leaflets numerous, 25-50 pairs per pinna, moderately

separated or approximate, 5-17 mm. long X 1-2 mm. broad. Le-

gume much compressed, yellow, falcate to annular; margins paral-

lel; pulp sweet. Central and northwestern Argentina. . 42. P. alba.

50. Trees or shrubs. Leaflets less numerous and the pairs farther apart

on the rachis; distance greater than the width of the leaflets.

51. Tall (0.2-3 m.) shrub with thick underground horizontal

branches and thin erect aerial shoots. Pinnae 1 to 2 pairs, 3-

14 cm. long; leaflets 9 to 25 pairs, 5-1 7 (-30) mm. long X
0.9-1.5 mm. broad. West-central Argentina

41. P. alpataco.

51. Trees or tall shrubs with trunk, this sometimes short.

52. Spines very long and strong. West-central Argentina. .

44. P. pugionata.

52. Spines small or scarce. Western Argentina

39. P. flexuosa.

ent by reduction. Trees. (Various series of sect. Algarobia.)

Branchlets reddish; leaves darkening when dry, 1-jugate.



54. Leaflets large, 2 to 9 pairs per pinna, 2.5-6.5 cm. long X 2-4 cm. broad, similar to those of P. ruscijolia,

but more nearly ovate, obtuse, darkening when dry. Legume linear, compressed, yellow, its margins parallel.

Paraguay; Argentina: Formosa (eastern Chaco) 18. P. fiebrigii.

54. Leaflets somewhat smaller, more nearly linear and more numerous, 6-26 pairs per pinna, 0.8-4 cm. long X
1.8-16 mm. broad, glaucous-reddish when dry. Legume similar. Paraguay; Argentina: eastern Formosa

to northern Santa Fe 20. P. hassleri.

53. Leaflets much smaller, ovate or linear. Branchlets not reddish.

55. Leaflets glabrous. Leaves 1-2-jugate.

56. Leaflets distant, 5-13 mm. long. Heartwood dark. Western Argentina. 39. P. flexuosa var. subinermis.

56. Leaflets approximate, shorter, 1.5-3.2 mm. long. Heartwood yellow. Argentina: Santa Fe

36. P. nigra var. ragonesei.

55. Leaflets pubescent.

57. Racemes longer than the leaves. Leaflets 2.5-8.3 mm. long. Southern Colombia, Ecuador, northern

Peru, Hawaiian Islands 29. P. pallida forma pallida.

57. Racemes of nearly the same length as the leaves. Leaflets 6-20 mm. long. . . 35. P. juliflora var. inermis.
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Tropical Andean region

Chile and northwest of Argeni

P. arlicnlaia; P. tamaulipam

P.juliflora; P. laevigata;

P. glandulosa; P. velutina.

P. burkartii; P. ferox;

P. tamarugo
;
P. pallida

(including P. limensis)
;

P. chilensis
;
l\ juliflora.

'.abbreviata; P. torqmta;

'. sericantha; P. kuntzei;

'. riiscijolia; P. fiebrigii;

'. vinalillo; P. hassleri;

'. humilis ; P. rojasiana
;

'. riibriflora; P. catnpestris;

'.affinis; P.elata; P. chilens

'. nigra ; P. caldenia
;

'. flexuosa ; P. alpataco
;

'. alba; P. pugionata.

'. argentina ; P. deniidans
;

'. ruizleali; P. castellanosii;

'. calingastana.

THE NATIVE AND INTRODUCED SPECIES OF PROSOPIS

A GEOGRAPHICAL ENUMERATION

Numbers in parentheses represent the number of the species in the text.

SiA AND North Africa

P. cineraria (l) : Arabia; Iran, Afghanistan, Pakistan, and India.

P. farcta vars. farcta and glabra (2): Algeria and Tunisia; Egypt; Turkey

and Cyprus; Syria and Israel; Iraq, Iran, Afghanistan, and Pakistan;

USSR: Transcaucasia and Turkestan.
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Notes. Species successfully grown in the botanical garden at EI Staff in

middle Egypt : P. alba, P. nigra, P. laevigata ( ? sub P. chilensis and P. dulcis)

,

P. glandulosa, P. affinis (sub P. nandubay), P. kuntzei (sub P. kunzii), P.

pubescens, P. strombulifera, and the Oriental P. cineraria (sub P. spicigera)

;

see Warda H. Bircher, Gardens of the Hesperides, 343-347. 1960.

fROPiCAL Africa: one native species.

. juliflora (35) : Senegal.

iHWEST Africa : introduced species only.

AciFic Islands (Hawaii, Marquesas, and the Philippines) : introduced species

P. pallida formae pallida and armata (29).

Australia
: introduced species only.

P. pallida (29) : only in cultivation.

i States (continental) : 5-7 species;

rombulifera.? (5): California.

. articulata (31) : Arizona.

. laevigata (38) : Texas, rare.

glandulosa vars. glandulosa, prostrata, and torreyana (40): California

Kansas, Texas, and Louisiana.

P. velutina (43) : Southern Arizona, California.

Jexico: 9 native species; 3 endemic.

P. pubescens (9).

P. palmeri (10).
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P. tamaulipana (33).

P. juliflora (35).

P. laevigata (38).

P. glandulosa vars. glandulosa, torreyana, and prostrata

P. velutina (43).

vador, Honduras,

P. pallida (29) : including P. limensis.

P. juliflora (35).

P. glandulosa (40): cultivated in Puerto Rico; see Leon & Alain, Fl. Cuba 2:

251. fig. 108. 1951.

P. pallida (29).

P. juliflora vars. julifl

'ERU : 5-6 species, all r

P. pallida (29) : including P. limensis.

P. chilensis(34).

P. juliflora vars. juliflora, horrida, and i

Bolivia ; 7-8 native

P. ferox (12).

P. kuntzei (16).

P. ruscifolia (17).
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'e species; 2 endemic.

P. strombulifera (5).

P. burkartii (11).

P. tamarugo (13).

P. chilensisvar. chilensis (34).
P. flexuosa (39) : including P. fniticosa.

P. alba var. panta (42).

'araguay: 11 native species; 2 endemic.

species on very small areas, 1 introduced;

.
ruscifoha (17): Piauhy/Parahyba (very local, introduced?)

. ri^nflora (27) : extreme south of Mato Grosso.

.
affinis (30) : extreme southwestern Rio Grande do Sul

.
juliflora (35): sensu stricto, hand sensu Bentham in FI. Brasil.,
mtroduced, cultivated northern stafpc;

species only, ca. 28; 13 endemic. Center of polymorphis

P. fiebrigii (18).

P. vinalillo vars. vinalillo and parv
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MAGNOLIACEAE HARDY IN TEMPERATE NORTH AMERICA ^

Stephen A. Spongberg

MAGNOLLACEAE A. L. de Jussieu, Gen. PI. 280. 1789, "Magnoliae," nom. cons

(Magnolia Family)

Evergreen or deciduous trees or shrubs, the wood and bark often con-

taining aromatic oils or mucilaginous substances; buds enclosed by stipulai

scales and the branchlets with conspicuous annular stipular scars at th(

nodes. Leaves conduplicate in bud, alternate, occasionally crowded into

Mrhis treatment of the Magnoliaceae is th e third published contribution iin a

of treatments of cultivated Hgneous

of thie Arnold Arboretum of Harvard Univers

Ameri,ca. It is hoped that these treatir

will >eventually form the basis of a new manual of cultivated woody plants. The

1-19

paper in this series was published in

1975. Reference should be made to

the J

roX^ct"oty^pam"raphs^o''f^Ta^^^^

56:

natters concerning area covered, tax idTd,''anT the 'genera
'
philosoph^y^^of

these

n th'e'^ne-hundredth anniversary of 1

that this treatment of the Magnoliaceae; is dedicated to the memory of Ernest
HenfLY Wilson (1876-1930), indefatigable pbtnt hunter and late Keeper of

Arnold Arboretum. It was through WilsorI's effo:rts that many of the most ornam(
of Magnolia were introduced into cultivnation in western gardens, and

knowledge of the genus and family has greatly augmented by the specimens
and :information he collected on his sevt^ral expeditions to eastern Asia.

Many individuals have made gencrou ributions of their time, advice, and

itment, and I should like to tllank
Drs. R. A. Howard, L. M. Perry, K. R. Robe,rtson, B. G. Schubert, P. F. Ste.

C. E . Wood, Jr., and R. E. Weaver, Jr ., Missi K. Clagett, and Mrs. I. H. Biirchi
all of the Arboretum staff, for their freely givi

extended to Dr. N. G. Miller for his contribut

collaboration on the treatment of Liriodendron,
from which the illustrations for that genus were prepared; to Mr. B. H. Tiffney for

of the herbaria at Kew, the United States National Arboretum, and the National
Science Museum, Tokyo, for the loan of herbarium specimens. Numerous friends

and colleagues have also given freely of their time and advice and have supplied
information, and to them I am greatly indebted. Thev include Dr. T. R. Dudley,
Dr. J. M. Fogg, Jr., Miss J. deN. Henry, Mrs. J. W. Hill, Mr. H. G. Hillier, Mr.
C. R. Lancaster, Dr. E. McClintock, Dr. J. C. McDaniel, Mr. B. MulHgan, Mr. N.
Treseder, and Mr. J. C. Williams; I also thank my wife, Harmony, for help in many

The illustrations are the careful work of Robin S. Lefberg and were prepared,
when possible, from hving or alcohol-preserved specimens collected in the Arnold
Arboretum. Additional specimens collected at the Arboretum of the Barnes Founda-
tion, the Henry Foundation for Botanical Research, and the Strybing Arboretum
have been utilized, and thanks are due Dr. R. Simmers for providing material of

Magnolia macrophylla collected in Tennessee.

Special thanks and gratitude are

erous gift for this project has made
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false whorls, stipulate, the stipules free or adnate to and leaving scars on
the adaxial surfaces of the petioles; leaf blades with pinnate venation,

simple or lobed. the bases sometimes cordate to auriculate, the apices oc-

casionally emarginate. Flowers solitary, terminal or axillary, perfect or

rarely imperfect {Kmerja), in bud enclosed by one or more deciduous
stipular bracts. Perianth of (5-)6-9-numerous, free, subsimilar or di-

morphic tepals (in Liriodendron clearly differentiated into sepals and
petals) in (2 or) 3 or sometimes more whorls, the tepals usually

fleshy. Stamens numerous, spirally arranged on an elongate floral axis.

2-locular, the connectives often produced into short appendages, the anther

sacs introrsely to extrorsely longitudinally dehiscent. Gynoecia comprised

of numerous (rarely 1 or few) spirally arranged, free or basally con-

crescent, conduplicate carpels, the carpels usually closely imbricated on

an elongate floral axis and contiguous with the androecium below (sessile)

or separated from the androecium by a short gap on the floral axis

(stipitate) ; carpels 2-6-ovulate, the ovules anatropous, bitegmic, crassi-

nuceflar. Fruits usually conelike aggregates of free or basally concrescent,

dehiscent (or rarely indehiscent) follicles or conelike aggregates of de-

ciduous samaras, rarely capsular. Seeds 1 or more per follicle or samara,

the seed coat usually comprised of an outer, fleshy, aril-like layer and a

hard, bony, inner layer, the small embryo embedded in copious oily en-

dosperm. Base chromosome number = 19. (Tulipiferae Ventenat; in-

cluding Liriodendraceae F. A. Barkley, excluding Illiciaceae Hu and

Schisandraceae Blume.) Type genus: Magnolia L.

About twelve genera and 200 species in two tribes distributed in tem-

perate and tropical eastern and southeastern Asia and in the Western

Hemisphere in eastern North America from southern Canada southward

through the West Indies and Central America to eastern Brazil; absent

from Europe, Africa, Australasia, and Polynesia. Numerous species of

several genera are of great importance as horticultural subjects, while

other species are valued for their timber. Three genera are cultivated in

our area, while species of Manglietia Blume (ca. 25 species of subtropical

and tropical Asia) and Talauma Jussieu (ca. 40 species of subtropical

and tropical Asia, southern Mexico, and the West Indies to Brazil) are

occasionally cultivated south and west of our range in the United States.

Because species of these two genera might be grown within our range in

the collections of a few specialists, they are included in the key to the

Owing to its position as one of the least derived and most ancient taxa

of angiosperms, the Magnoliaceae has been the subject of considerable

interest and numerous investigations, and a large body of literature con-

cerning the biology of the family has accumulated. The references m-

cluded in this paper are by no means all-inclusive but have been selected

Smith Horticultural Trust for a grant that has made possible the preparation of
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to cover most aspects of the biology of the family and to include sum-

mary papers containing extensive bibliographies. In addition to the

papers cited in the references, numerous articles of taxonomic importance

or of limited specific content have been cited in the discussions of par-

ticular species. The discussions in Bean (1973) should be consulted for

much historical and cultural information not included here.

Andrews, F. M. Karyokinesis in Magnolia

reference to behavior of chromosomes. Be

1901.

Bean, W. J. Trees and shrubs hardy in the British Isles, ed. 8. (Sir George
Taylor, ed.) Vol. 2. xvi + 784 pp. pis. 1-64. London. 1973. [Lirioden-

dron, 584-586, fig. 81; Magnolia, 641-675, figs. 86-94; Manglietia, 719,

720; Michelia, 737, 738.]

Bhandari, N. N. Embryology of the Magnoliales and comments on their re-

lationships. Jour. Arnold Arb. 52: 1-39; 285-304. 1971. [Includes an

extensive bibliography.]

Canright, J. E. The comparative morphology and relationships of the Mag-
noliaceae. I. Trends of specialization in the stamens. Am. Jour. Bot. 39:

484-497. 1952. II. Significance of the pollen. Phytomorphology 3: 355-

365. 1953. III. Carpels. Am. Jour. Bot. 47: 145-155. 1960. IV. Wood and

nodal anatomy. Jour. Arnold Arb. 36: 119-140. 3 ph. 1955.

Chittenden, F. J., & P. M. Synge, eds. Royal Horticultural Society dictionary

of gardening, ed. 2. Vol. 2. Pp. i-viii + 1089-1712. Oxford. 1956. [_Lino-

dendron, 1189; Magnolia, 1230-1234; Manglietia, 1274; Michelia, 1296,

1297.]

Dandy, J. E. The genera of Magnoliaceae. Kew Bull. 1927: 257-264. 1927.

. New or noteworthy Chinese Magnolieae. Notes Roy. Bot. Card.

Edinburgh 16: 123-132. pi. 226. 1928.

. A survey of the genus Magnolia together with Michelia and Manglietia.

Pp. 64-81 in: Camellias and Magnolias. Roy. Hort. Soc. Conf. Rep. 1950.

: Magnoliaceae. In: J. Hutchinson, Gen. Fl. Pis. 1: 50-57. 1967.—
. The classification of the Magnoliaceae. Newsl. Am. Magnolia Soc.

8(1): 3-6. 1971.

& R. DO. Good. Magnoliaceae Jaume. Die Pflanzenareale 2: 35-38.

maps 41-43. 1929.

Good, R. D'O. The past and present distribution of the MagnoHeae. Ann.

Bot. 39: 409-430. 1925.

Hillier & Sons. Hilliers' manual of trees & shrubs, ed. 3. 576 pp. Winchester.

1973. [Liriodendron, 171, 172; Magnolia, 178-185; Manglietia, 192; Mi-
chelia, 195, 196.]

Howard, R. A. The morphology and systematics of the West Indian Mag-
noliaceae. Bull. Torrey Bot. Club 75: 335-357. 1948.

Hutchinson, J. Magnoliaceae. Fam. Fl. Pis. ed. 3. Pp. 154-156. 1973. [In-

cludes a revised key to the genera by J. E. Dandy.]
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jANAKi Ammal, E. K. The race history of MagnoUas. Indian Jour. Genet.
PI. Breed. 12: 82-92. 1952. [The primary source for chromosome num-
bers given in this paper.]

Leinfellner, W. On the carpels of various Magnoliales. IV. Magnolia and
Michelia (Magnoliaceae). Osterr. Bot. Zeit. 114: 73-83. 1967.

McClintock, E. Magnolias and their relatives in the Strybing Arboretum,
Golden Gate Park, San Francisco. Internat. Dendr. Soc. Yr. Bk. 1973: 44-

52. 1973. [Liriodendron, Magnolia, Michelia, and Talauma in cultivation.]

Praglowski, J., & J. E. Dandy. Magnoliaceae Juss. In: S. Nilsson, ed., World
pollen spore flora 3. 44 pp. Stockholm. 1974. [Includes the most recent

conspectus of the tribes, genera, subgenera, and sections by J. E. Dandy.]

Prantl, K. Magnoliaceae. Nat. Pflanzenfam. III. 2: 12-19. 1888.

Rehder, A. Magnoliaceae. Man. Cult. Trees Shrubs, ed. 2. Pp. 246-255, in

part. 1940.

. Bibliogr. Cult. Trees Shrubs. Pp. 179-183. 1949.

& E. H. Wilson. Magnoliaceae. In: C. S. Sargent, ed., Plantae

W'ilsonianae 1: 391-410. 1913.

Thien, L. B., W. H. Heimermann, & R. T. Holman. Floral odors and quanti-

tative taxonomy of Magnolia and Liriodendron. Taxon 24: 557-568. 1975.

Whitaker, T. W. Chromosome number and relationship in the Magnoliales.

Jour. Arnold Arb. 14: 376-385. pi 80. 1933.

Wilson, E. H. Magnoliaceae collected by J. F. Rock in Yunnan and Indo-

China. Jour. Arnold Arb. 7: 235-237. 1926.

Wood, C. E., Jr. The genera of woody Ranales in the southeastern United

States. Jour. Arnold Arb. 39: 296-346. 1958. [Magnoliaceae, 299-309;

includes many references not cited here.]

Key to the Genera of Magnoliaceae in Cultivation

1. Fruits comprised of conelike aggregates of follicles, the follicles persistent

on the floral axis; plants evergreen or deciduous, the leaves simple, not

lobed, occasionally cordate to auriculate at base or emarginate at apex.

Mature follicles free, dehiscent along the abaxial sutures 4.

4. Carpels with 2 ovules, the follicles with 2 seeds or sometimes

1 or none through abortion; plants evergreen or deciduous

1. Magnolia.

4. Carpels with 4 or more ovules, the follicles with 4 or more seeds,

sometimes fewer through abortion; plants evergreen. MangUetia.

Mature follicles free or basally concrescent, circumscissile, the upper

portions falling away individually or i : clusters. .
Tahu

axillary; gynoecia stipitate; plants evergreen.

Fruits comprised of conelike aggregates of closely imbricated, 2-seeded sa-

maras, the samaras falling at maturity, leaving a persistent spmdle-shaped

floral axis; plants deciduous, the leaves variously lobed. Liriodendreae.

Liriodendron.
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Tribe Magnolieae

Evergreen, deciduous, or sometimes partially evergreen trees or shrubs

of sympodial growth; bark often smooth, lenticellate, or sometimes rough

and deeply furrowed, often silvery- or pewter-gray, the branchlets with

continuous or septate pith; winter buds of two types, vegetative and
mixed, enclosed by stipular scales, the mixed buds terminal and the stipu-

lar scales enclosing a terminal flower primordium subtended by one or

more internodes with axillary vegetative buds at the nodes. Leaves al-

ternate, sometimes crowded into false whorls, petiolate, stipulate, the

stipules caducous, either free from the petioles or adnate to and leaving

scars on the adaxial surfaces of the petioles; leaf blades thickly coriaceous

to membranaceous, entire, sometimes cordate to auriculate at base or

emarginate at the apex. Flowers usually fragrant, often large and showy,

protogynous, beetle-pollinated, terminal, solitary, appearing before the

leaves in spring (precocious) or with the leaves; within the mixed buds
the flowers enclosed by one or more deciduous stipular (spathaceous)
bracts, each bract leaving an annular scar on the pedicel. Tepals (5-)6-
9-numerous (up to ca. S3), white or pink to purple, occasionally green-

ish or clear yellow, in whorls of 3, occasionally more, subsimilar or some-
times the outer whorl reduced in size and calyxlike. Stamens numerous,
deciduous after anthesis, poorly differentiated into filaments and con-

nectives, the connectives often produced into an appendage at the apex,

the anther sacs introrsely or laterally dehiscent. Gynoecia sessile or rare-

ly short-stipitate, cylindric to subglobose, the carpels with 2 ovules, the

styles recurved, with stigmatic papillae along their adaxial surfaces. Fruits

subglobose to cylindric conelike aggregates of follicles, the aggregates often

asymmetrical from follicle (seed) abortion, at maturity the follicles free

from one another and longitudinally dehiscent along their abaxial su-

tures. Seeds 1 or 2, suspended on thin threads (the elongated vessel ele-

ments of the funiculi and placentae), the seed coats with an aril-like,

orange, red, or pink outer layer and a hard, bony inner layer. {Buergeria
Sieb. & Zucc; Lassonia Buc'hoz; Tulipastrum Spach; Yulania Spach.)
Type species: M. virginiana L. (Name commemorating Pierre Magnol,
1638-1715, professor of botany and medicine and one-time director of

the botanical garden at Montpellier, France.) — Magnolia.

Approximately 80 species in two subgenera and 1 1 sections distributed

in regions of temperate to tropical climates of eastern Asia from Manchuria,
Korea, and Japan southward through China and the eastern Himalayan
region to Java in the Malay Archipelago, and in the Western Hemisphere
from southern Canada southward through the eastern United States, the

West Indies, Mexico, and Central America to southeastern Venezuela.
Several species of temperate areas in Asia have not yet been introduced
into western horticulture. All of those that have, as well as those
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North American species that are hardy within our area, are highly de-

sirable ornamentals, and the genus is one of the most important groups

of ornamental woody plants.

In nature, each species of Magnolia appears to occupy an exclusive

range or habitat, thus precluding natural hybridization between species,

but in cultivation several interspecific hybrids, some of considerable orna-

mental value, have occurred spontaneously or have been produced inten-

tionally. Moreover, the ease with which species hybridize has stimulated

ambitious breeding programs undertaken by several horticulturists. With-

in subgenera there are few barriers to hybridization between taxa of the

same or different sections; however, substantial barriers between sub-

genera undoubtedly exist, inasmuch as no hybrids between species of the

two subgenera have been recorded.

Most species of Magnolia are variable, and a great number of individual

plants of horticultural value have been designated as cultivars. More-

over, several of the important hybrids have not been given specific epi-

thets but are known chieily by cultivar names. Therefore, outstanding

cultivars have been briefly described or mentioned below, particularly

when they are widespread in gardens or represent a particular species or

hybrid group in cultivation. No attempt has been made, however, to ac-

count for all the cultivars of a particular species or hybrid group. Per-

sons interested in Magnolia cultivars are encouraged to consult the

checklist of Fogg and ^McDaniel (1975), in which a nearly complete and
current listing of all cultivars of Magnolia has been assembled.

Bartrum, D. Rhododendrons and Magnolias. 176 pp. 34 ph. London. 1957.

[Part II, Magnolias, pp. 109-170.]
Blackburx, B. C. a question about Shidekobushi : A re-examination of Mag-

nolia stellata Maxim. Amatores Herb. 17: 1, 2. 1955.

. The early-flowering Magnolias of Japan. Baileya 5: 3-13. 1957.

Boer, R. de, & F. Bouman. Integumentary studies in the Polycarpicae II.

Magnolia stellata and Magnolia virginiana. Acta Bot. Neerl. 21: 617-629.

1972.

Cheng, W. C. The genus Magnolia in China. [In Chinese.] Jour. Bot. Soc.

China 1: 280-305. 1934.

Clark, R. C. The woody plants of Alabama. Ann. Missouri Bot. Card. 58:

99-242. 1971.

Coker, W. C. Magnolia cordata Michaux. Jour. Elisha Mitchell Sci. Soc. 59:

81-88. 1943.

Dandy,
J. E. Key to the species of Magnolia. Jour. Roy. Hort. Soc. 52: 260-

264. 1927.

: Magnolia sinensis and M. Nicholsoniana. Ibid. 53: 115. 1928.

-. Magnolia globosa. Bot. Mag. 159: t. 9467. 1936.

. Magnolia virginiana. Ibid. 175: t. 457. 1964.

DoMOTo, T. Magnolia X soulangeatia hybrids. Jour. Calif. Hort. Soc. 23:

45-47. 1962
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Earle, T. T. Origin of the seed coats in Magnolia. Am. Jour. Bot. 25: 221,

222. 1938.

Elwes, H. J., & A. Hexry. Magnolia. Trees Great Britain & Ireland 6: 1581-

1599. pi. 358. 1912.

Felger, R. S. The distribution of Magnolia in northwestern Mexico. Jour.

Arizona Acad. Sci. 6: 251-253. 1971.

Fogg, J. M., Jr. The temperate American Magnolias. Morris Arb. Bull. 12:

51-58. 1961.

• & J. C. McDaniel, eds. Check list of the cultivated Magnolias, vii +
54 + 12 pp. Am. Hort. Soc. PI. Sci. Data Center. Mt. Vernon, Va. 1975.

Freeman, O. M. New Magnolia hybrids. Natl. Hort. Mag. 30: 132-135. 1951.

Gray, A. A short exposition on the structure of the ovule and seed-coats of

Magnolia. Jour. Linn. Soc. 2: 106-110. 1858.

Gresham, D. T. Deciduous Magnolias of Californian origin. Morris Arb. Bull.

13: 47-50. 1962. [Discusses progeny of M. X veitchii X M. quinguepeta

(as M. lilifiora) and M. X veitchii X M. X soulangiana (as M. lennei

alba).-]

Hadfield, M. The Yulan and its offspring. Gard. Chron. IH. 159: 277, 278.

1966. [Historical notes concerning the origin of M. X soulangiana.}

Hardin, J. W. An analysis of variation within Magnolia acuminata L. Jour.

EUsha Mitchell Sci. Soc. 70: 298-312. 1954.

. Studies of the southeastern United States flora. III. Magnoliaceae

and Illiciaceae. Ibid. 88: 30-32. 1972.

Heiser, C. B., Jr. Some observations on pollination and compatibility in Mag-
nolia. Proc. Indiana Acad. Sci. 72: 259-266. 1963.

Hillier, H. G., & C. R. Lancaster. Magnolias in the Hillier gardens and ar-

boretum. Rhododendrons 1975, with Magnolias and Camellias. Pp. 61-

69. Roy. Hort. Soc. 1975.

iNAMi, K. Distribution of Magnolia stellata Maxim. [In Japanese.] Ama-
tores Herb. 20: 10-14. 1959. [Includes map.]

Johnstone, G. H. Chinese Magnolias in cultivation. Pp. 53-63 in Camel-
lias and Magnolias. Roy. Hort. Soc. Conf. Rep. 1950.

. Asiatic Magnolias in cultivation. 160 pp. frontisp. 14 colored pis.

20 unpaged figs. 1 fold-out map. Roy. Hort. Soc. London. 1955. [A
standard reference including detailed notes on all aspects of Magnolia cul-

ture and the taxonomy of the genus.]

Kosar, W. F. Magnolias native to North America. Jour. Calif. Hort. Soc. 23:

2-12. 1962.

Krussmann, G. Magnolia. Handb. Laubgeholze 2: 97-106. pis. 40-48. 1961.

[The upper photograph on pi. 43, labeled M. cordata, is undoubtedly M.
tripetala X M. sieboldii 'Charles Coates'.]

McDaniel, J. C. Recent hybridizations with American Magnolias. Internal.

Prop. Soc. Comb. Proc. 13: 124-132. 1963.

. Self-unfruitfulness of some Magnolias. Morris Arb. Bull. 18: 64-69.

. Some Asiatic-American Magnolia hybrids. Am. Horticulturist 54(1):
1(^13. 1975.

MiLLAis, J. G. Magnolias, viii -f 251 pp. frontisp. 33 pis. London. 1927.

[Chapter 3, Magnolias of Yunnan, by G. Forrest; Chapter 4, Key to

species, contributed by J. E. Dandy. Considering both Asiatic and New
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World species, as well as hybrids, this has long been the authoritative treat-

ment of Magnolias in cultivation; now largely outdated as to nomencla-
ture, it is still useful for historical information.]

Miller, R. F. The deciduous Magnolias of West Florida. Rhodora 77: 64-75.

MuNDY, G. A method of propagating Magnolias. Jour. Roy. Hort. Soc 77:

449,450. 1950.

Murray, E. A Ma^wo/Za species checklist. Kalmia 4: 1-12. 1972.

. Magnolia species descriptions. Ibid. 5: 1-17. 1973.

Olson, D. P., Jr., R. L. Barnes, & L. Jones. Magnolia L., Magnolia. Pp.

527-530 in Seeds of woody plants in the United States, viii -f &?,?, pp.
Agr. Handb. No. 450. U. S. D. A. Washington, D. C. 1974.

pAMPANiNi, R. Le Magnolia Sprengeri Pamp. e la Magnolia aulacosperma

Rehder et Wilson. Bull. Soc. Tosc. Ortic. 40: 99-102. 1915.

. Le Magnolie. Ibid. 127-134; 151-154; 170-173; 181-184; 199-

202; 213-218; 229-234. 1915. Ibid. 41: 6-8, ph. 1, 2; 23-26, pis. J, 4;

40-45; 58-62, pi. 5; 77, 78; 101-107; 122-125; 135-141; 151-157; 167-

173; 183-189. 1916.

Raabe, R. D. Diseases and pests of Magnolia. Jour. Calif. Hort. Soc. 23: 42-44.

1962.

Reiter, v., Jr. Notes on the vegetative propagation of Magnolias. Jour. Calif.

Hort. Soc. 23: 51-53. 1962.

Santamour, F. S., Jr. Biochemical studies in Magnolia I. Floral anthocyanins.

Morris Arb. Bull. 16: 43-48. 1965. II. Leucoanthocyanins in leaves. Ibid.

63, 64. III. Fruit anthocyanins. Ibid. 17: 13. 1966. IV. Flavonols and

flavones. Ibid. 65-68.

. Cytological notes III. Magnolia pyramidata, M. cylindrica, and M.

guatemalensis. Ibid. 51. 1966.

. Cytology of Magnolia hybrids. I. Ibid. 20: 63-65. 1969. II. M. X
soidangiana hybrids. Ibid. 21: 58-61. 1970. III. Intra-sectional hybrids.

Ibid. 80, 81.

. Implications of cytology and biochemistry for Magnolia hybridiza-

tion. Newsl. Am. MagnoHa Soc. 7(2): 8-10. 1970.

& J. S. Treese. Cyanide production in Magnolia. Morris Arb. Bull.

22: 58, 59. 1971.

Sargent, C. S. Magnolia. Silva N. Am. 1: 1-16. ph. 1-12. 1891.

Savage, P. J., Jr. Magnolias in Michigan. Part II. The Buergeria section. Newsl.

Am. Magnolia Soc. 3(1): 3, 4. 1966; Ibid. 4(1): 2, 3. 1967.

Sawada, K. Oriental Magnolias in the South. Natl. Hort. Mag. 29: 54-57.

1950. [Notes primarily concerning M. X soulangiana.]

Sims, J. Magnolia acuminata. Bot. Mag. 50: t. 2427. 1823.

Sprague, T. a. Magnolia Delavayi. Bot. Mag. 135: t. 8282. 1909.

Spring, J. J. The propagation of Magnolias from seed. Jour. Calif. Hort. Soc.

23: 48-50. 1962.

Thien, L. B. Floral biology of Magnolia. Am. Jour. Bot. 61: 1037-1045. 1974.

Thorgrimson, 0. B. Magnolias— American species. Arb. Bull. 10(4): 6, 7;

26, 27. 1947. [Other articles concerning Magnolias are included m this

number of the Arboretum Bulletin; see also the list of references on p. 20.]

Treseder, N. G. Magnolias and their cultivation. Jour. Roy. Hort. Soc^ 97:

336-346. figs. 159-163. 1972. [An important article contammg much m-

formation.]
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Vines, R. A. Trees, shrubs and woody vines of the Southwest, xii + 1104 pp.

Witt, J. A. Magnolias of Japan. Jour. Calif. Hort. Soc. 23: 13-18. 1962.

Yasui, K. Karyological studies in Magnolia, with special reference to the cyto-

kinesis in pollen mother cell. Tokyo Bot. Mag. 51: 539-546. pi. 13. 1937.

Key to the Subgenera of Magnolia

ither appearing before the leaves

lis; plants evergreen or deciduous.

... Subg. Magnolia.
1. Anthers dehiscing laterally or sublaterally; flowers precocious, appearing

before the leaves and/or with a much reduced outer whorl of sepaloid tepals

;

plants deciduous Subg. Yulania (see p. 280).

Magnolia subg. Magnolia

Evergreen or deciduous trees and shrubs, the flowers appearing with

the leaves; tepals subsimilar, the outer whorl like the inner whorls, never

reduced in size and sepaloid; anther sacs introrsely dehiscent.

Eight sections, two of American distribution in both hemispheres, five

of Asiatic distribution, and one with species in North America and eastern

Asia; species of six of these sections represented in cultivation in our area.

Stipules free, not adnata to and not leaving scars on the adaxial surfaces of
the petioles; plants evergreen 2.

2. Gynoecia sessile, the floral axis with stamens or stamen scars contiguous
with the lowermost carpels or follicles 3.

3. Tepals 7.5-12 cm. long; stamens 13-21 mm. long, yellowish; fruit

aggregates ovoid, 5.5-7.5 cm. long 1. M. grandiflom-

3. Tepals 5.5-9 cm. long; stamens ca. 12 mm. long, rosy-purple; fruit

aggregates ca. 4 cm. long, rarely developed

23. M. virginiana X M. grandiflora.

2. Gynoecia stipitate, the floral axis with stamens or stamen scars not con-

tiguous with the lowermost carpels or folHcles 2. M. nitida.

Stipules adnate to the petioles, leaving scars on the adaxial surfaces of the

petioles; plants evergreen or deciduous 4.

4. Plants evergreen 5.

5. Stipule scars large, extending almost the entire length of the petiole

to the base of the leaf blade .6.
6. Petioles (2.6-)3.5-6.7(-8.7) cm. long; leaf blades thickly coria-

ceous, the lower surfaces pale green or yellowish; fruit aggregates

6.7-9.5 cm. long 3. M. delavayi.

6. Petioles 1.5-2 (-3) cm. long; leaf blades thinly coriaceous to mem-
branaceous, the lower surfaces glaucous, rarely green; fruit ag-

gregates 2-5 cm. long 4. M. virginiana.
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5. Stipule scars very small, at the base of the petioles, often obscure. .

23. M. virginiana X M. grandiflora.

4. Plants deciduous ...... 7.

7. Leaves crowded into false whorls at the ends of branchlets, distinct-

ly alternate on new shoots; leaf blades large or very large, (10-) 18-

60(-100?) cm. long 8.

8. Leaf blades cordate to auriculate at base 9.

9. Lower surfaces of the leaf blades, stipules, carpels, and fol-

licles pubescent 10.

10. Trees; stamens 15-18 mm. long; fruit aggregates sub-

globose to globose

5. M. macrophylla subsp. macropJiylla.

10. Large shrubs; stamens 11-13 mm. long; fruit aggregates

subcylindric to ovoid. . 5. M. macrophylla subsp. ashei.

9. Lower surfaces of the leaf blades, stipules, carpels, and fol-

licles glabrous H-

6. M. jraseri var. Jraseri.

11. Stamens 4-6 mm. long; gynoecia ca. 1.5 cm. long at an-

thesis; fruit aggregates 3.5-5.5 (-6) cm. long

6. M. jraseri var. pyramidata.

12. Hairs on the lower surfaces of the leaf blades usually with

rust-colored pigment; tepals broadly obovate, 5.5-6 cm. long;

stamens rosy-crimson throughout 2A. M. X wieseneri.

12. Hairs on the lower surfaces of the leaf blades lacking rust-

colored pigment; tepals obovate to oblong-elliptic or spatulate,

8-12 cm. long; stamen filaments tinged reddish, the anther

sacs creamy white or yellowish ^^

13 Flowers with an offensive odor; fruit aggregates 7-10

cm. long; small trees of open habit. 7. M. tripetola.

13. Flowers pleasantly fragrant; fruit aggregates (9-)13.5-

20 cm. long; large, widely branching trees 14.

14. Leaf blades mostly oblong-obovate, with acute to

rounded apices; young branchlets purplish or sil-

very; fruit aggregates with the lowermost follicles

'

8. A/, hypoleiica.

14 Leaf blades mostly elliptic-obovate, sometimes deep-

'

ly emarginate at apex; young branchlets yellowish

or yellowish-gray; fruit aggregates with the lower-

most follicles convex, not decurrent along ^the ^floral

Leaves distinctly alternate, not crowded into false whorls at the ends

of branchlets; leaf blades of moderate size, not exceeding 23 cm. m

length

15. Flowers and fruit aggregates \

16. Anthers yellowish, the
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17. Pith septate; tepals 6-15, 3-5 (-9) cm. long; leaf blades

(3.5-)6.5-10.5(-17.7) cm. long, generally narrowly ob-

long to elliptic or ovate 4. M. virginiam.

17. Pith incompletely septate; tepals 9, 7-9 cm. long; leaf

blades (5.5-) 12-1 7.5 (-22) cm. long, broadly eUiptic

to oblanceolate. 25. M. X thompsoniana.

16. Anthers rosy-crimson, rounded or blunt at the apices, the

connectives only rarely produced into apiculate appendages.

24. M. X wieseneri.

15. Flowers and fruit aggregates held nodding or pendent on the

branchlets 18.

18. Branchlets becoming dark reddish- or purplish-brown. .19.
19. Leaf blades elliptic, broadly ovate, or usually obovate,

(4. 5-) 7-9 (-14. 5) cm. wide, generally rufous-pubescent

on the under surfaces; stamens 12-17 mm. long

10. M. globosa.

19. Leaf blades elliptic or usually lanceolate to oblong-

ovate, (2.5-) 3-7 (-11) cm. wide, generally yellowish-

or silvery-pubescent on the under surfaces; stamens
9-12 mm. long 11. M. wilsonii.

18. Branchlets becoming light brown or silvery-tan 20.

20. Some or all hairs on the lower surfaces of the leaf

blades with rust-colored pigment, the hairs ± straight;

leaf blades usually broadly obovate

12. M. sieboldii subsp. sieboldii.

20. Hairs on the lower surfaces of the leaf blades clear,

lacking rust-colored pigment, the hairs ± crinkled;

leaf blades usually broadly elliptic to obovate

12. M. sieboldii subsp. sinensis.

Magnolia sect. Theorhodon Spach, Hist. Nat. Veg. Phanerog. 7 : 470.

1839.

Evergreen trees, variously pubescent; stipules free from the petioles;

gynoecia sessile, the stamens and carpels contiguous on the floral axis.

Type species: M. grandiflora L.

About fifteen species of the Americas; with the exception of Magnolia
grandiflora, all of tropical distribution. Several species of sect. Theorho-
don of tropical areas have been introduced into cultivation but are not
known to be hardy within our region.

1. M. grandiflora Linnaeus, Syst. Nat. ed. 10. 2: 1082. 1759.

Figure 1.

Large, evergreen trees, often of pyramidal habit, sometimes attaining

25 or 30 m., the bark brown or gray, with thin, tightly appressed plate-

lets; branchlets stout, with septate pith, at first densely felted with rufous,

yellowish, or silvery hairs, the older growth eventually glabrous, becom-
ing dark blackish-brown; buds densely sericeous with rufous to db silvery
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hairs. Leaves falling in spring at 2 years of age; petioles stout, 9-27 mm.

long, densely felted with rufous or yellowish hairs, sometimes becoming

subglabrous, the stipules free and the petioles lacking stipule scars on the

adaxial surfaces; leaf blades stiffly coriaceous, variable in size and shape,

(5-)7.9-20(-25.5) cm. long, (2.9-)6-8.7(-14.4) cm. wide, narrowly to

broadly elliptic, lanceolate, oblanceolate, ovate, or usually broadly ovate

to ± subglobose, with attenuate, acute, cuneate, or subrounded, often

oblique bases, undulate margins, and obtuse to short-acuminate, rarely

retuse apices; upper surfaces of the blades dark green (or rarely vane-

gated), brilliantly glossy, glabrous, when dried finely reticulated in a ±

honeycomb pattern; lower surfaces thickly to thinly felted with rutous

hairs or occasionally subglabrous with hairs only along the elevated mid-

veins. Flowers large, heavily fragrant, held erect on stout, felted to

sericeous pedicels; tepals 9 or 12 (or rarely to 25), thick and fleshy,

creamy white, broadly spatulate to broadly obovate or ± orbicular,
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7.5-12 cm. long, 4-9 cm. wide; stamens numerous, 13-21 mm. long, with

purplish filaments; gynoecia 2-2.5 cm. long at anthesis, the carpels

densely sericeous with silvery hairs, the styles glabrous. Fruit aggregates

ovoid, 5.5-7.5 cm. long, yellowish- or silvery-tan, the follicles finely seri-

ceous, with short, ± ascending stylar beaks; lowermost follicles basally

decurrent along the floral axis; seeds ca. 12 mm. long, the outer seed

coats red, the inner ones ivory. 2n = 114. (M. joetida Sarg.) —Bull

Native to the Coastal Plain of the southeastern United States from

North Carolina south to central Florida and west to eastern Texas and

Arkansas (see E. L. Little, Jr., Atlas of U. S. Trees 1 : map 141-E. 1971)

;

widely cultivated throughout the world.

Among the very numerous cultivars of Magnolia grandiflora, some are

deserving of mention here, while others have been described by McDaniel
(Newsl. Am. Magnolia Soc. 9(3) : 3-7. 1973). For a complete listing of

named cultivars, reference should be made to the checklist of Fogg and
McDaniel (1975), in which more than 150 cultivars of M. grandiflora are

accounted for. It should be noted that 'Galissoniensis' (= M. grandi-

flora f. galissoniensis K. Koch, Dendr. 1 : 368. 1869; see also, N. Treseder,

Newsl. Am. Magnolia Soc. 6(1) : 3. 1969), a very hardy clone listed by
Rehder in his Manual (1940), is apparently not in cultivation in the

United States {flde Fogg & McDaniel, 1975). 'Exmouth' (= M. grandi-

flora f. lanceolata (Alton) Rehder, Bibl. Cult. Trees Shrubs 180. 1949;

y lanceolata Alton, Hort. Kew. 2: 251. 1789; var. exoniensis Hort. ex

Loudon, Arb. Brit. 1: 261. 1838; cv. Exoniensis; see also Bot. Mag. /.

1Q52. 1817) is an old clone of narrow pyramidal habit with oblong-el-

liptic to oblong-lanceolate leaves finely pubescent on the lower surfaces.

'St. Mary' (see H. H. Hume, Morris Arb. Bull. 12: 16. 1961) is a conical

tree with leaves densely dark brown pubescent beneath and with cup-shaped
flowers that are produced freely even when the plant is young. 'Goliath'

(see J. G. Millais, 1927, p. 140, and Gard. Chron. IIL 148: 309. 1960)
is noteworthy for its short, subglobose leaves with blunt apices and gla-

brous or thinly pubescent under surfaces and for its large flowers that are

produced until late in the growing season. 'Praecox Fastigiata' is also

noted for its continual flowering until late into the growing season, as

well as for its fastigiate habit. Finally, 'Charles Dickens' (see J. W.
Templeton, Morris Arb. Bull. 16: 8, 9. 1965), 2n = 76, a tetraploid, is

noted for its large, ovoid, bright red fruit aggregates and oblong seeds.

Its chromosome number suggests that it comprises a hybrid between M.
grandiflora, 2n = 114, and some other species (see J. C. McDaniel,
Newsl. Am. Magnolia Soc. 7(2): 4-7, 1970). The documented hybrids

between M. virginiana and M. grandiflora, often referred to as the Free-

man hybrids, are described below.
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Magnolia sect. Gynopodium
J. E. Dandy, Bot. Mag. 165: in nota sub

t. 16. 1948.

Glabrous evergreen trees and shrubs; stipules free from the petioles;

gynoecia short-stipitate, the stamens and carpels not contiguous on the
floral axis. Type species: M. nitida W. W. Smith.

Four species of eastern Asia. Only the type species is known in culti-

Glabrous evergreen trees or large shrubs, in age to ca. 15 m., with rough,

ashy-brown bark; branchlets yellowish-green, becoming dark brown, with

conspicuous encircling stipule scars at the nodes, the internodes short,

± regularly spaced; pith septate. Leaves persistent or occasionally falling

under severe winter conditions; petioles 1.5-2.5 cm. long, yellowish-green,

the stipules free and the petioles without scars on the adaxial surfaces;

leaf blades stiffly coriaceous, (5-)8-ll.S(-12.7) cm. long, (2-)3-5.5(-8.2)

cm. wide, elliptic, oblong-lanceolate or oblong-oblanceolate, with acute or

short-acuminate, rarely emarginate apices, entire margins, and cuneate,

obtuse, or rounded bases; upper surfaces of the leaf blades dark glossy

green, the venation indistinct; lower surfaces pale green, not shining.

Flowers fragrant, becoming ± saucer-shaped, borne erect at the ends of

branchlets on stout pedicels 3-12 mm. long; tepals 9-12, creamy white,

the outer 3 flushed purplish on the abaxial surfaces, fleshy, ca. 4-5 cm.

long, spatulate to obovate; stamens numerous, 10-17 mm. long; gynoecia

short-stipitate, green, the stigmas red. Fruit aggregates bright green, ±
cylindric, 3-7 cm. long; seeds with bright orange outer seed coats. In

Inasmuch as I have not seen an adequate number of specimens on

which to base this description, some of the information included above,

particularly concerning the flowers, has been based on J. E. Dandy's ar-

ticle (Bot. Mag. 165: t. 16. 1948) and Johnstone's description (1955,

pp. 141-143, pi. 14 & fig. 20). It is noted in Hilliers' Manual (1973,

p. 182) that the new shoots of Magnolia nitida "have an almost metallic

Magnolia sect. Gwillimia De Candolle, Reg. Veg. Syst. Nat. 1
:
455,

548. 1817, emend. J. E. Dandy, Camellias and Magnolias, Roy. Hort.

Soc. Conf. Rep. 67. 1950.

Evergreen trees and shrubs; stipules adnate to the petioles, leaving
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Eleven to fourteen species of southeastern Asia. Magnolia delavayi,

the only temperate species of the section, is marginally hardy in the south-

ern part of our area. Magnolia coco (see Bot. Mag. 25: t. 977. 1806),

although not included here, is known to be cultivated in warmer tem-

perate and subtropical areas of the United States.

3. M. delavayi Franchet, PI. Delavayanae 33. t. 9, 10. 1889.

Large evergreen shrubs or trees to ca. 10 m., with dark brown, longitudi-

nally fissured bark; branchlets stout, lenticellate, with continuous pith,

greenish-tan, at first densely felted with appressed, yellowish-tan hairs, the

older growth finely appressed-sericeous, particularly at the nodes, eventu-

ally glabrous. Leaves long-petiolate, the petioles (2.6-)3.5-6.7(-8.7) cm.

long, often tuberculate, at first densely appressed-sericeous, in age ±
glabrescent, the elongate stipule scars extending almost to the base of the

blades; leaf blades thickly coriaceous, elliptic to ovate or oblong-ovate,

rarely suborbicular, (10.4-) 13-20 (-30, fide Johnstone) cm. long, (4.3-)

S-10.5(-16, fide Johnstone) cm. wide, with acute to rounded bases, un-

dulate margins, and rounded to obtuse or occasionally refuse apices (the

apex itself often very short-apiculate) ; upper surfaces of the blades dark,

dull green, at first finely pubescent, soon glabrous, reticulate; lower sur-

faces at first finely pubescent over the entire surface, eventually glabrous,

pale green or yellowish, the midveins and major lateral veins conspicu-

ously elevated. Flowers fragrant, ± cup-shaped, borne on stout, glabrous

or sericeous pedicels; tepals 9, fleshy, the outer 3 greenish-white, becom-
ing reflexed, the inner 6 creamy white, spatulate to obovate, (5.S-)7-
10 cm. long, 2.5-3.5 cm. wide, the inner tepals more slender; stamens
numerous, 1.5-2 cm. long; gynoecia ovoid with ± acute apices, 3-4 cm.
long at anthesis, usually finely pubescent with yellowish hairs, particu-

larly at the base. Fruit aggregates 6.7-9.5 cm. long, ovoid-oblong, be-

coming light brown, usually with ± acute apices; follicles finely pubes-
cent or subglabrous, with short, ± spreading stylar beaks. 2n = 38.

Endemic to Yunnan and Szechwan provinces, China; rarely cultivated
in the southern portion of our area.

The only other species cultivated in our region with which Magnolia
delavayi might be confused is M. grandifiora. The two species can be
distinguished easily, however, by a comparison of the petioles; long
stipule scars occur on the petioles of M. delavayi, while scars are lacking
on petioles of M. grandifiora. Moreover, the septate pith of branchlets of
M. grandifiora also distinguishes that species from M. delavayi, which
has continuous pith.
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Magnolia sect. Magnolia.

Evergreen to deciduous trees or shrubs; stipules adnate to the petioles,

the petioles with stipule scars on the adaxial surfaces; leaf blades glau-

cous beneath; anthers with the connectives produced into short, acute ap-

pendages. Type species: M. virginiana L.

4. M. virginiana Linnaeus, Sp. PI. 1 : 535. 1753.

Deciduous, semievergreen or evergreen trees to 30 m., or often large,

multiple-trunked shrubs of open, lax habit; bark on old limbs grayish-

brown, with small platelets and irregularly furrowed; branchlets glabrous

to densely sericeous with silvery hairs, green or yellowish-green, becoming

purplish-brown; pith conspicuously septate; terminal winter (mixed) buds

finely to thickly sericeous with silvery hairs. Leaves alternate, the yel-

lowish-green petioles L5-2(-3) cm. long, subglabrous to finely sericeous,

the elongate glabrous or pubescent stipule scars extending almost to the

bases of the blades; leaf blades variable, narrowly oblong to elliptic, ob-

long-elliptic, ovate, or sublanceolate, rarely suborbicular, (3.5-) 6.5-10.5

(-17.7) cm. long, (1.5-)3.S-4.5(-6.5) cm. wide, tapering to rounded 1

arely refuse apices and <
, the margin

> finely ciliate; upper surfaces of the blades lustrous green,

rarely variegated, glabrous or often puberulent, particularly at base and

along the light yellowish-green midveins; lower surfaces silvery-glaucous,

rarely green, at first thickly sericeous with silvery hairs, becoming fine y

sericeous to puberulent. Flowers fragrant, creamy white, ± globose to

cup-shaped, appearing with the leaves on stout, glabrous "^ sericeous

pedicels; tepals 6-15, rarely more, the outer 3 becoming ± refkxed, tne

inner tepals 3-5(-9) cm. long, 1.2-2 cm. wide, spatulate to obovate or

suborbicular, with rounded apices and short-clawed bases; stamens rela-

tively few, ca. 9 mm. long, the anthers with short, acute appendages;

gynoecia glabrous, greenish, ca. 1 cm. long at anthesis. Fruit aggregates

becoming pinkish-red at dehiscence, finally dark purplish- or reddish-

brown, ovoid, ellipsoid, or subglobose, (2-)3-4.5(-5) cm. long, the foK

licles with or without very short stylar beaks; seeds ca. 1 cm. long,

outer seed coats dark red. 2n = 38. (M. virginiana vzr. ^^««^'^ ^ ^
glauca L.; including M. virginiana var. austrahs Sarg., M. australts

Ashe.) — Sweet bay.

Native to the Coastal Plain and adjacent Piedmont of ''^t;™ ^'°:*

America from Massachusetts and New York southward to Geors-a an^

Florida and westward into eastern Texas. Arkansas^ and Tennessee (see

E. L. Little, Jr., Atlas of U. S. Trees 1 :
map 142-E. 1971).
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deciduous plants of Magnolia virginiana

range, usually developing a tree habit to

30 m., less often large multiple-trunked shrubs, with persistently sericeous

branchlets, pedicels, and petioles, have been recognized as var. austrails

Sarg., Bot. Gaz. 67: 231. 1919 {M. australis Ashe), but this taxon is

included here within the species. J. C. McDaniel, a noted student and

authority on Magnolia who has made studies of the variation encoun-

tered in M. virginiana, is convinced that the recognition of var. australis

(and perhaps yet another variety) is justified, and reference should be

made to his major article on this subject (JNIorris Arb. Bull. 17: 7-12.

1966). However, while behavioral and other characters outlined by Mc-

Daniel are indeed evidence of differences between northern and southern

populations of M. virginiana, it would seem that differences are to be

expected within a wide-ranging species. Inasmuch as most of the charac-

ters are ill defined morphologically and are clinal over the range, a uti-

litarian taxonomy does not appear to result from the recognition of a

southern variety.

Three hybrids involve Magnolia virginiana and species of sect. Rytido-

SPERMUM, namely M. virginiana X M. hypoleuca, M. virginiana X M.
macrophylla, and M. virginiana X M. tripetala, the hybrid group that

has received the collective name M. X thompsoniana (q.v.). The first

two hybrids are not described here (but see under M. hypoleuca and
M. macrophylla), inasmuch as I have not seen specimens documenting
these hybrids and they are not known to me to be widely distributed in

American gardens or arboreta,

A second group of hybrids involves Magnolia virginiana and species of

sect. Theorhodon. The hybrid M. virginiana X M. grandiflora is de-

scribed below, while M. virginiana X M. guatemalensis , although known
to be hardy as far north as Maryland, is not accounted for here for the

same reasons outlined above. It should also be noted that plants of M.
guatemalensis J. D. Smith, Bot. Gaz. 47: 253. 1909, a species of sect.

Theorhodon from Guatemala, have been distributed from the United

States National Arboretum, but are not known by me to be hardy in

Deciduous trees or large shrubs; leaves crowded into false whorls at

the ends of branchlets, alternate and widely spaced on new shoots. Type
species: M. tripetala L.

As defined here, three American species of the Temperate Zone (two
comprised of two subspecies each) and three species of eastern Asia.
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Figure 2. Magnolia sect. Rytidospermum. a

-
't aggregate with obsolete stylar beaks, /k -rs, v, ov.

cudLb removed to show surface grooving of inner seed -_

branchlet with fruit aggregate of M. tripetala, X %• '

subsp. macrophylla: e, fruit aggregate, X V-r, f, seed witl

tact, X 1; g, seeds with outer seed coats removed, X i. •-, -,
-

subsp. ashei: h, lower portion of leaf showing auriculate base ar

closing terminal bud, X %; i, fruit aggregate, X V^.

5. M. macrophylla Michaux, Fl. Bor.-Am. 1: 327. 1803.

Decid r rarely 20 ually of slender upright habit,
ueciduous trees to 15 or rareiy /u ni., yxi,ucxiiy ^^ ..ww.... -.^. o

:casionally widely branching, the bark on trunk and older limbs smooth
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light gray; branchlets stout, green, at first thickly tomentose with sil-

very hairs, becoming glabrous and reddish-brown, with prominent leaf

scars clustered in groups (the internodes very short), the groups separated

by elongated internodes; terminal winter (mixed) buds thickly tomentose

with silvery hairs. Leaves crowded into false whorls at the ends of

branchlets or alternate on new shoots; petioles stout, (3-) 5. 5-1 3 (-15)

cm. long, densely to finely tomentose like the young branchlets, some-

times glabrescent, with elongate stipule scars on the adaxial surfaces;

leaf blades membranaceous, very large, (18-)24-60(-100?) cm. long,

(8.9-) 11-2 6 (-3 2) cm. wide, broadly elliptic, oblanceolate, or oblong-

oblanceolate with cordate to auriculate, rarely subtruncate bases, entire,

often undulate margins, and rounded, obtuse, or acute apices; upper

surfaces of the blades green, glabrous; lower surfaces of the blades

chalky white to silvery-glaucous, sometimes glaucescent, finely pubescent

over the entire surface, particularly on and along the conspicuously ele-

vated midveins and major lateral veins, occasionally becoming subglabrous.

Flowers fragrant, large, ± cup-shaped, held erect on stout, silvery-tomen-

tose pedicels ca. 5 cm. long, subtended by a false whorl of leaves; tepals

9, irregular and unequal, the outer 3 greenish, usually narrowly spatulate,

becoming yellowish and reflexed, the inner 6 creamy white, often purplish-

spotted near the base on the adaxial surface, 14.5-20.5 cm. long, 5-14 cm.

wide, broadly spatulate, elliptic, ovate, or suborbicular, with broad or

abruptly constricted, short-clawed bases; stamens creamy white, very

numerous, 15-18 mm. long; gynoecia 2-3 cm. long at anthesis, the car-

pels with densely silvery-pubescent ovaries and glabrous styles. Fruit

aggregates subglobose to globose, 5.5-8 cm. long, rosy-colored at de-

hiscence, becoming grayish-brown; follicles pubescent, with stout beaks,

or sometimes the beaks obsolete, the lowermost follicles dehiscing ± down-

ward, with the floral axis forming an angle of ca. 90°; seeds 1-1.4 cm.

long, the outer seed coats pinkish-red or coral red. In = 38.

Native to rich woodlands of the southeastern United States in Georgia

and Alabama to Louisiana northward to West Virginia, Kentucky, and

Arkansas.

Plants developing a shrublike habit to 10 m., with the stout branch-

lets at first heavily glaucous and finely tomentose with silvery hairs, often

with slightly smaller flowers (the largest tepals 10-13 cm. long, 3-6.5

cm. wide), the stamens 11-13 cm. long, and with the mature fruit ag-

gregates subcylindric to ovoid, (4.5-) 5-7 cm. long, the lowermost fol-

licles and the floral axis forming an oblique angle, are recognized here

as Magnolia macrophylla subsp. ashei (Weatherby) Spongberg, comb,
et Stat. nov. (Basionym: Magnolia ashei Weatherby, Rhodora 28: 35.

1926). Magnolia macrophylla subsp. ashei, In = 38, is apparently en-

demic to the panhandle of northwestern Florida, where it is most fre-

quently encountered in the Knox Hill region of Walton County. While
it has also been reported from eastern Texas (Vines, 1960), the records
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are probably based on cultivated plants of M. macrophylla subsp. macro-

phylla.

The nature of the differences between plants of the two subspecies of

Magnolia macrophylla (in habit, length of stamens, young branchlet char-

acters, and shape of fruit aggregates), as well as their distinct geographical

distribution in nature, suggests that the taxonomic treatment accorded

these taxa as subspecies best reflects these differences while also recog-

nizing their extremely close relationships.

A hybrid between Magnolia macrophylla subsp. macrophylla and M.

virginiana has been produced, but since specimens of this hybrid have not

been examined, it is not described here.

6. M. fraseri Walter, Fl. Carol. 159. 1788.

all trees to ca. 14 m., usually of open, sp

lish or grayish bark; branchlets slender

purplish- or reddish-brown, with prominent transverse-elliptic leaf scars

clustered in groups (the internodes very short), the groups separated by

elongated internodes; terminal winter (mixed) buds glabrous, purp ish

or greenish. Leaves crowded into false whorls at the ends of branchlets

or alternate on new shoots; petioles slender, 3-6(-13) cm. long, glabrous,

with elongate stipule scars on the adaxial surfaces; leaf blades membra-

naceous broadly spatulate, elliptic, or broadly lanceolate, (11.3-)14.»-

26.5(-53) cm. long, (S.5-)8.4-18(-29) cm. wide, with obtuse to acute

apices, entire margins, and subcordate, rarely truncate, or usually auricu-

late bases; upper surfaces of the blades green, glabrous; lower surfaces

glaucescent, the midveins and major lateral veins prommently elevated^

Flowers sweetly scented, ± vase-shaped, becoming saucer-shaped, held

erect on stout pedicels 2:3.5(-4) cm. long at the ends of branchlets sub-

tended by a false whorl of leaves; tepals 9, yellowish or creamy white O^e

outer 3 subequal or rarely longer than the inner 6, with broad bases he

inner 6 broadly spatulate, lanceolate, or obovate, with rounded to acute

apices and narrow, ± clawed bases, (7-)8-12(-14) ^"^^ l^'
2.4-4^7

cm. wide; stamens numerous, 8-15 mm. long; gynoecia 2-2-8 cm^ long

at anthesis, glabrous. Fruit aggregates 6.5-11 cm.
|-f^f

;P^^;^;,^[^^^^

red at dehiscence, becoming dark, purplish-brown, the follicles with ong

spreading, hooked stylar beaks; seeds ca. 1 cm. long, the outer seea

red. 2n = 38. (M. auriculata Bartram.)

XT . . • 1- f * ;„ +1,0 rr,r.,.ntai'ns of the southeastern United

Sta^^or v;^^i„;r:nd%^^rU to Alabama and Georgia

and west to Louisiana and eastern Texas (JasPf. County).

Plants of the lower Piedmont and Coastal «"", "' 'h'

=°"*!f
''^

United States from South Carolina into northern F ""d'^^^d wes ward

through Alabama and Mississippi to eastern Texas J7" f"l,^7;™
counties) comprise MainoUa fraseri var. Pyr-'^nMa (I^^"«'">

f^^'^

panini, Bull. Soc. Tosc. Ortic. 40: 230. 1915 (M. PyramMa Bartram,
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M. auriculata j3 pyramidata Nuttall). Usually small trees (rarely to ca.

16 m.) of pyramidal form with ascending branches and leaves often ±
pandurate or rhombic in outline, plants of var. pyramidata, In — 38, can

be distinguished from var. jraseri by their shorter stamens 4-6 mm. long,

their smaller gynoecia ca. L5 cm. long at anthesis, and their shorter

fruit aggregates 3.5-5.5(-6) cm. long. Miller (1975) states that "there

is a gradual transition between [var.] pyramidata of Florida and [var.]

jraseri of the mountains, since the Alabama and Georgia plants form a

continuous sequence from north to south in these states." While Clark

(1971) has totally submerged var. pyramidata within M. jraseri, the

Piedmont and Coastal Plain plants are recognized here as a variety, since

the two taxa, based on the wild and cultivated specimens examined dur-

ing this study, can be distinguished by the characters outlined above.

Hybrids between Magnolia jraseri and M. hypoleuca and M. jraseri

and M. trtpetala have been produced by P. J. Savage, Jr., but are not

described here because of their limited distribution in cultivation. (See

discussion under M. hypoleuca.)

7. M. tripetala

Small deciduous trees of open habit to 12 m., sometimes shrublike, with

several limbs from near the base; bark smooth, ash-gray, lenticellate, with

fine longitudinal fissures developing on old trunks; branchlets stout, brittle,

brownish- or purplish-gray, with continuous pith and prominent trans-

verse-elliptic or suborbicular leaf scars clustered in groups (the inter-

nodes very short), the groups separated by elongated internodes; ter-

minal winter (mixed) buds large, purplish, glaucous. Leaves crowded into

false whorls at the ends of branchlets or alternate on new shoots; petioles

stout. (1-) 2-3.5 cm. long, yellowish-green, dilated at the bases, with

prominent stipule scars on the adaxial surfaces; leaf blades large, mem-
branaceous to subcoriaceous. (lS-)22-38(-60) cm. long, (6-) 10-23.5

cm. wide, obovate-lanceolate, tapering to cuneate bases and acute apices,

the margins entire and often undulate; upper surfaces of the blades green,

glabrous; lower surfaces grayish-green, finely but thickly villous over

the entire surface (particularly along the elevated, purplish or yellowish-

green midveins and prominent lateral veins), the hairs i appressed or

crisped, the surfaces sometimes becoming subglabrous in age. Flowers

± vase-shaped, of disagreeable odor, held erect on stout, glabrous pedi-

cels at the ends of branchlets, subtended by a false whorl of leaves; tepals

9 or 12, the outer 3 with broad bases, slightly shorter than the inner

tepals. oblong-spatulate in outline, light greenish-white, usually reflexed

at anthesis, the inner 6 or 9 creamy white, thick and fleshy, 8-12 cm. long,

2.6-4 cm. wide, obovate to oblong-elliptic in outline, tapering to narrow,

rt clawed bases; stamens 1.5-2.2 cm. long, the filaments reddish, the

2.5 cm. long at anthesis, pinkish,

cm. long, green, becoming pinkish



1976] SPONGBERG, MAGNOLIACEAE 271

at dehiscence, finally purplish-brown; seeds ca. 1 cm. long, the outer
seed coats pinkish-red, the inner ones roughened by longitudinal grooves.

2n = 38. (M. umbrella Desrouss.) —Umbrella-tree, elkwood.

Native to rich woods of eastern North America from southern Penn-
sylvania and West Virginia south into Florida (Okaloosa County) and
westward through Ohio and Kentucky to Arkansas and Missouri; some-
times escaped from cultivation northward into central Massachusetts.

Magnolia tripetala has been involved in a number of hybrids, and one,

M. tripetala X M. sieboldii, an intersectional hybrid, is represented in

cultivation by the cultivar 'Charles Coates' (see J. R. Sealy, Card. Chron.

III. 152: 77. 1962). A tall, loosely branched shrub, 'Charles Coates'

produces flowers that most closely resemble those of M. sieboldii. They
are ± saucer-shaped, the inner tepals, 5.5-7.5 cm. long and 2-4.5 cm.

wide, are ovate to broadly elliptic with short-clawed bases, and the an-

droecium is purplish-red. However, the flowers are held erect like those

of M. tripetala, the tepals have rumpled margins, and the leaves, which

tend to be clustered in false whorls at the ends of branchlets, are broadly

elliptic, 12-25 cm. long, 6.5-13.5 cm. wide, with cuneate bases and acute

Magnolia thompsoniana (q.v.) is the collective epithet for hybrids be-

tween M. tripetala and M. virginiana, while M. tripetala X M. hypo-

leuca is discussed briefly under the latter species. Other reports of hy-

brids involving or suspected of involving M. tripetala (see J. C. McDaniel,

Newsl. Am. Magnolia Soc. 11(1): 9-11. 1975) include M. tripetala X
M. officinalis var. biloba, M. tripetala X M. fraseri, and M. tripetala X
M. macrophylla, the last two hybrids being the results of intentional cross-

pollinations made by P. J. Savage, Jr. The results of these hybridizations

may eventually be of horticultural significance; however, the hybrids are

currently of limited distribution in cultivation and are not described here,

since documenting herbarium specimens have not been seen.

8. M. hypoleuca Siebold & Zuccarini, Abh. xMath.-Phys. Acad. Wiss.

Munchen 4(2): 187. 1846; FI. Jap. Fam. Nat. 1: 79. 1846.

Figure 2, a-c.

Large, widely branching deciduous trees, old specimens attaining 30 m.,

with silvery-gray, lenticellate bark; branchlets brittle, purplish or silvery

(the periderm exfoliating in very thin, opaque sheets), with promment

leaf scars clustered in groups (the internodes very short), the groups sep-

arated by elongated internodes; terminal winter (mixed) buds large,

purplish-green, glabrous. Leaves crowded into false whorls at the ends

of branchlets or alternate and widely spaced on new shoots; petioles

glabrous, purplish, (l-)2.5-3.5(-7) cm. long, stout, dilated at base, with

prominent stipule scars on the adaxial surfaces; leaf blades large, sub-

(10-)16-45(-50) cm. long, (5.8-)9-20(-25) cm. wide, ob-

?-obovate, tapering to rounded, truncate, or usually broadly cuneate
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bases, the apices abruptly acute or occasionally rounded, the margins

entire and often undulate; upper surfaces of the blades green, glabrous;

lower surfaces silvery or grayish-green, at first densely silky-pubescent

over the entire surface with fine, ± appressed, crisped hairs, becoming

less pubescent or subglabrous with age. Flowers cup- or saucer-shaped,

heavily scented, held erect at the ends of branchlets on stout, glabrous

pedicels, subtended by a false whorl of leaves; tepals 9-12, ± fleshy,

the outer 3 shorter than the inner tepals, pale tan-green, sometimes tinged

pinkish on the abaxial surfaces, ± oblong-spatulate in outline, with

broad bases, the inner 6 or 9 tepals creamy white, elliptic to obovate in

outline, tapering to relatively narrow bases, 8.5-12 cm. long, 1.5-4.5

cm. wide; stamens numerous, 1.5-2 (-3) cm. long, the filaments purplish-

red, the anther sacs creamy yellow; gynoecia ca. 3 cm. long at anthesis,

the styles crimson. Fruit aggregates scarlet at dehiscence, finally light

tan or brown, 13.5-20 cm. long, oblong-cylindric, the follicles with spread-

ing stylar beaks or the beaks obsolete, the lowermost follicles concave

and decurrent along the floral axis; seeds 8-11 mm. long, with bright red

outer seed coats, the inner, black seed coats longitudinally grooved. 2n

= 38. (M. obovata Thunberg; M. glauca Thunberg, not L.) —Japanese

Native to altitudes of 1,800 m. in mountainous regions of the southern

Kurile Islands, the Japanese islands of Hokkaido, Honshu, Shikoksu, and

Kyushu, and the Ryukyu Islands. (See distribution map 86 in Y. Hori-

kawa, Atlas of the Japanese flora, an introduction to plant sociology of

East Asia. 12 pp. -|- 500 maps + viii pp. -f map in pocket. Tokyo.

1972.)

Hybrids between Magnolia hypoleuca and M. sieboldii have been given

the collective name M. X wieseneri, described below, while an Fi genera-

tion of hybrids between M. hypoleuca, the seed parent, and M. virginiana,

the pollen parent, were produced in 1956 by W. F. Kosar at the United

States National Arboretum. Specimens of these hybrid plants, which are

apparently sterile (see Morris Arb. Bull. 20: 65. 1969), are almost indis-

tinguishable from specimens of M. X thompsoniana (q.v.), and they would
be traced to that hybrid group in the key presented in this treatment.

While these hybrids are not yet in cultivation other than at the National
Arboretum, a cultivar selected from the plants is expected to be distributed

to nurseries for propagation in the near future. Likewise, M. hypoleuca

X M. jraseri and M. hypoleuca X M. macrophylla have been produced
as the results of intentional cross-pollinations by P. J. Savage, Jr., a noted
Magnolia authority (see J. C. McDaniel, Newsl. Am. Magnoha Soc. 11(1) :

9-11. 1975). These hybrids are not known by me to be grown outside of

the collections of a few Magnolia specialists and hybridizers, and I have
not seen documenting herbarium specimens.

Another hybrid, involving Magnolia hypoleuca and the closely related

M. tripetala, has been reported as occurring spontaneously in cultivation

in Poland (see E. V. Vasak, Newsl. Am. Magnolia Soc. 9(1) : 3-6. 1973).
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A large tree upwards of 10 m., with the habit of M. hypoleuca and grow-

ing in the Arnold Arboretum (Accession # 1 280-2 7-C), is also undoubt-

edly M. hypoleuca X M. tripetala. Despite its overall resemblance to

M. hypoleuca, the putative hybrid can be distinguished from that species

by its more nearly elliptic leaf blades, its flowers intermediate between

those of the two parents, and its fruit aggregates, which agree almost ex-

actly with those of M. tripetala. The Arnold Arboretum plant was grown

from seed collected from an Arboretum plant of M. hypoleuca (Acces-

sion 4^15172; now dead) that was growing in close association with M.

tripetala. The seed parent, in turn, had been grown from seed of M.

hypoleuca collected in Japan by C. S. Sargent in 1892.

9. M. officinalis Rehder & Wilson, Pi. Wilsonianae 1: 391. 1913.

Deciduous trees to 20 m., very similar to Magnolia hypoleuca; bark

rusty ash-gray, the stout branchlets yellowish or yellowish-gray, finally

light gray, becoming longitudinally striate when dried, the prominent

leaf scars clustered in groups (the internodes very short), the groups

separated by elongated internodes; periderm exfoliating in thm sheets;

terminal winter (mixed) buds large, greenish-brown, glabrous. Leaves

large, clustered in false whorls at the ends of branchlets or alternate and

widely spaced on new shoots; petioles glabrescent, stout, 2.5-3 .8 (-4) cm.

long, yellowish-green, dilated at base, with conspicuous stipule scars on

the adaxial surfaces; leaf blades membranaceous to subconaceous, (10-)

22-40 cm. long, (5.5-) 11-20 cm. wide, oblong-obovate, tapermg to

rounded, acute, or usually cuneate bases, the apices rounded to abruptly

acute, the margins entire, undulate; upper surfaces of the blades green

glabrous; lower surfaces silvery or grayish-green, at iirst densely felted

urface with fine, ± appressed, the lamma

becoming subglabrous but distinctly glaucous. Flowers heavily scented,

held erect at the ends of branchlets on stout, glabrous to ^i ky-pubes ent

or felted pedicels, subtended by a false whorl of leaves; tepals 9-1 2 (-17),

± thick and fleshy, the outer 3 subequal to the inner tepals, oblong-

spatulate, pale greenish-white, often tinged '^'^.'^'''^
^^.^Z^ ilnl

surfaces, becoming reflexed during ajithesis, the mner ^'^^'^^Kp
creamy white, obovate to spatulate, 8-10 cm. long, 2.5-4.4 cm. wiae, -

pering to relatively narrow, ± clawed bases; stamens ca. 1.5 cm. long

with reddish filaments and creamy yellow anther sacs; f^^^^^^
f' ;

cm. long at anthesis, the stigmas reddish. Fruit
^^^[^^^^^^[^^/^'J^-

hiscence! finally reddish- or purplish-brown, 9-15 cm. long, oWong-ovo d

with obmse to ± acute apices, the follicles with short,
^f

^admg stylar

beaks; lowermost follicles rounded (convex) at base, not decurrent along

the floral axis; seeds ca. 1 cm. long, with red outer seed coats, me

seed coats black, longitudinally grooved. 2n - 38.
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comment that individuals of this species have been eliminated from

natural habitats owing to the collection of its bark, which is of reputed

medicinal value.

The differences between Magnolia officinalis and the Japanese M. hypo-

leuca are few and largely subjective. It is probable that the Chinese

plants should be treated at a subspecific rank under M. hypoleuca. I

have not, however, seen enough material on which to base such a transfer

and change in rank, and M. officinalis is therefore maintained here pro-

visionally as a species. My observations indicate that the only consistent

difference between M. officinalis and M. hypoleuca is the attitude of the

basal follicles of the mature fruit aggregates. The basal follicles of M.
hypoleuca are concave and decurrent along the floral axis, giving the

aggregate an attenuate base, while the lowermost follicles of M. officinalis

axe convex and not decurrent along the axis below, giving the aggregate

a rounded base. While the pedicels of M. hypoleuca are consistently

glabrous, those of the majority of specimens of M. officinalis examined are

densely pubescent at anthesis. Yet one or two collections of M. officinalis,

including the type collection {Wilson 652), represent plants in flower with

both pubescent and glabrous pedicels. Likewise, the pubescence of im-

mature petioles (usually pubescent in M. officinalis and glabrous in M.
hypoleuca) is not a sound character on which to distinguish the two taxa.

The branchlets of M. officinalis are yellowish-gray and become longitu-

dinally striate when prepared as herbarium specimens. Branchlets of

M. hypoleuca are purplish- or silvery-brown and, it would appear, fail

to become striate when dried.

Plants of Magnolia officinalis with all or the great majority of the

leaves emarginate at the apex have been described as var. biloba Rehder

& Wilson, PI. Wilsonianae 1: 392. 1913 (= cv. Biloba; M. biloba (Reh-
der & Wilson) Cheng-), and this variety also probably occurs today only

as a cultivated plant. Rehder and Wilson state that var. biloba agrees

with var. officinalis in all features except the character of the leaf apex,

and Johnstone (1955), in suggesting that the recognition of var. biloba

is tenuous, states that bilobed leaves occasionally occur on plants of var.

officinalis. However, my observations indicate that the stipular scales

enclosing terminal buds on branchlets of var. biloba are consistently

pubescent with rufous hairs on the outer surfaces, while the inner surfaces

are densely felted with these hairs. In both var. officinalis and M. hypo-
leuca the corresponding scales are glabrous. This type of pubescence,
together with other morphological characters, suggests the close relation-

ship of these three taxa with M. rostrata W. W. Smith, Notes Roy. Bot.

Card. Edinburgh 12: 213. 1920 (excluding the description of flowers),

lyiu^nuua opianaus var. oiloba was proposed as a distinct species by Cheng in

Iconographia Comiophytorum Sinicorum 1: 787. 1972. The basionym for this com-
bination is not given, suggesting that this reference may not be the original publica-
tion of the combination by Cheng. Efforts to locate an earlier reference in the
Chinese literature, however, have not been successful.
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another species (rare in cultivation in warmer temperate climates) with
which, in the absence of mature fruit aggregates, both M. hypoleuca and
M. officinalis may be confused.

Magnolia sect. Oyama Nakai, Fl. Sylv. Koreana 20: 117. 1933.

Small deciduous trees or shrubs; flowers nodding or pendent; stamens
reddish, with blunt or rounded apices; fruit aggregates pendent. Type
species: M. sieboldii Sieb. & Zucc.

Deciduous shrubs or small trees to ca. 7 m., usually of wide-spreading

habit; branchlets slender to dr stout, reddish-brown or dark reddish-

purple, at first densely felted with rufous pubescence, eventually glabrous;

terminal winter (mixed) buds densely rufous-pubescent to nearly glabrous.

Petioles 2.5-4 (-5.5) cm. long, densely sericeous with silvery, yellowish,

or rufous hairs, sometimes becoming subglabrous in age, the elongate stip-

ule scars on the adaxial surfaces extending more than half the lengths

of the petioles; leaf blades elliptic, broadly ovate, oblong-ovate, or usu-

ally obovate, (6-)-21(-23) cm. long, (4.5-)7-9(-14.S) cm. wide, with

acute to ± rounded apices, entire margins (usually ciliate when young),

and acute or usually rounded or subcordate, sometimes ± truncate bases;

upper surfaces of the blades glossy dark green, with short, crisped hairs

along the midveins and major lateral veins, otherwise glabrous; lower

surfaces glaucous, finely pubescent over the entire surface with ± ap-

pressed, crinkled hairs; when immature and expanding, the lower sur-

faces with dense, felted or woolly, rufous, yellowish, or silvery pubescence

along the midveins and major lateral veins, this pubescence sometimes

persisting. Flowers fragrant, creamy white, cup-shaped or subglobose, ap-

pearing with the leaves, pendent or nodding on stout, rufous-pubescent

pedicels (3.S-)4.5-6.5 cm. long; tepals 9-12, the outer whorl of 3 sim-

ilar in size and shape to the inner tepals, the inner tepals spatulate to

obovate or elliptic, with rounded apices, 4-7 (-7.5) cm. long, 2-?> cm.

wide; stamens 12-17 mm. long, reddish-purple; gynoecia ca. 3.5 cm. long

at anthesis, greenish. Fruit aggregates pinkish at dehiscence, finally red-

dish-brown, cylindric, 6-8 cm. long, with curving stylar beaks; seeds ca.

7 mm. long, the outer seed coats red. 2n = 38. (M. tsarongensis W. W.

Smith & G. Forrest.)

Native to a wide area from eastern Nepal, Bhutan, and northeastern

Assam to southeastern Tibet, northern Burma, and western Chma (north-

western Yunnan Province).

For Magnolia wilsonii X M. globosa, see under M. wilsonii.
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sieboldii: a, flower

showing lines of

I blunt apex, X 3; d, abaxial view of stamen, X 3;

e, outline of typical leaf, X %; f, fruit aggregate, X %; g, seeds, the outer
seed coats removed, XI. h, i. Af. sieboldii subsp. sinensis: h, habit of flowering
branchlet, X Va; i, outline of t>pical leaf, X %. j, k, M. wilsonii: j, outline of

typical leaf, X %; k, fruit aggregate, X %. 1, M. globosa, outline of typical

leaf. X %.

11. M.

Deciduous shrubs or small trees to ca. 8 m., often of ± straggling

habit, the brownish bark with conspicuous corky lenticels; branchlets

slender, dark reddish-purple, becoming dark grayish-purple, at first dense-
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ly sericeous with rufous hairs, eventually glabrous; terminal winter

(mixed) buds greenish-brown, thinly to densely pubescent with rufous

hairs. Petioles slender, (0.4-)l-3(-4) cm. long, densely sericeous with

rufous hairs, becoming less so in age, the elongate stipule scars on the

adaxial surfaces extending more than half the lengths of the petioles;

leaf blades elliptic or usually lanceolate to oblong-ovate, (4-) 6.5-1 5.5

(-20) cm. long. (2.5-)3-7(-ll) cm. wide, with truncate or rounded,

rarely cuneate or acute bases, entire margins (sometimes ciliate when
young), and acute to acuminate apices; upper surfaces of the blades

green, at first with scattered hairs along the midveins and major lateral

veins, otherwise glabrous; lower surfaces thickly felted to thinly seri-

ceous over the entire surface (when felted, the hairs obscuring the glaucous

lamina), the hairs along the often obscured midveins and major lateral

veins yellowish or rufous, the other hairs silvery-gray, without pigment

deposition in the crosswalls. Flowers fragrant, cup-shaped at first, be-

coming saucer-shaped, appearing with the leaves, pendent on slender,

± sericeous pedicels 1.5-4.5 cm. long; tepals 9 or occasionally 12(-16),

the outer 3 subequal to the inner tepals, narrowly lanceolate to spatulate,

with acute to rounded apices and tapering to relatively broad bases, the

inner tepals pure white, 4-6.5 (-7.5) cm. long, 3-4.5 (-5.5) cm. wide, in

outline broadly spatulate to obovate or suborbicular, with rounded apices

and short-clawed bases; stamens 9-12 mm. long, rosy-purple; gynoecia

ca. 2 cm. long at anthesis, greenish. Fruit aggregates pendent, pinkish

at dehiscence, becoming purplish-brown, cylindric, (5.5-) 6-10 cm. long,

with spreading stylar beaks; seeds ca. 6 mm. long, the outer seed coats

red. 2n = 38. (M. parviflora var. wilsonii Finet & Gagnepain; includ-

ing M. X highdownensis Dandy = M. wilsonii X M. sieboldii subsp.

sinensis, as M. sinensis.) —\\i

Native to eastern Sikang, ^

provinces, China, where it has

and 3,300 m.

Plants with the leaves decidedly glaucous on the lower surfaces of the

blades and, except for the rufous-pilose midveins, sparsely appressed-pu-

bescent or glabrescent have been recognized as f. nicholsoniana (Rehder

& Wilson) Rehder, Jour. Arnold Arb. 20: 91. 1939 {M. nicholsoniana

Rehder & Wilson; M. taliensis W. W. Smith; M. wilsonii f. taliensis (W.

W. Smith) Rehder). This form was discovered by E. H. Wilson in the

vicinity of Wa-shan, in western Szechwan Province.

One specimen of Magnolia wilsonii examined, Williams s.n. (aah), con-

sists of what appears to be a double-flowered form with 15 or 16 tepals.

This collection was made from a plant grown at Wakehurst Place, Sus-

sex, England; the plant is also referred to by Johnstone (1955, p. 125).

It is not known, however, whether this or similar forms of M. wtlsonn

have been introduced into American gardens.

Putative hybrids between Magnolia wilsonii and M. sieboldn subsp.

sinensis (as M. sinensis) have received the collective name M. X Mg/t-
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downensis Dandy, Jour. Roy. Hort. Soc. 75: 159. fig. 82. 19S0 (see also

F. C. Stern, New Flora & Silva 10: 105-107. fig. 33. 1938). However,

clonal plants of this putative hybrid that I have seen growing in England

fall into the range of variation encountered in M. wilsonii and are similar

to specimens of M. wilsonii collected in China. As a result, the name M.

X highdownensis is placed in the synonymy of M. wilsonii.

An intentional interspecific hybrid. Magnolia wilsonii X M. globosa,

has been produced as the result of deliberate cross-pollinations (see D.

T. Gresham, Morris Arb. Bull. 17: 70-73. 1966). This hybrid is not

described here, because I have not seen documenting herbarium speci-

mens; nor do I have any record that the hybrids (Fi generation) are

grown within our area.

12. M. sieboldii K. Koch, Hort. Dendrol. 4. 1853. Figure 3, a-i.

Small deciduous trees to 10 m. or often large shrubs with several trunks

from the base; branchlets slender, yellowish- or silvery-tan, sometimes be-

coming reddish-brown on exposed surfaces, at first thickly appressed-seri-

ceous with silvery or ± rufous hairs or rarely subglabrous, eventually glab-

rous; terminal winter (mixed) buds finely appressed-pubescent to densely

villous with tan or rufous hairs. Petioles slender, (0.8-)1.3-4.5(-5.5) cm.

long, appressed-sericeous with silvery or sometimes rufous hairs, the stipule

scars on the adaxial surfaces extending about half the lengths of the

petioles, rarely longer; leaf blades elliptic, broadly elliptic, ovate, or

characteristically broadly obovate, (5.5-)9-12(-16) cm. long, (3.4-)

5.5-9.7 cm. wide, with broadly cuneate, rounded, ± truncate, or rarely

subcordate bases, entire margins (sometimes ciliate when young), and

acute to abruptly acute or short-acuminate apices; upper surfaces of

the blades green, often with few, short hairs along the depressed mid-

veins and prominent lateral veins, otherwise glabrous; lower surfaces of

the blades glaucescent, rarely ± glabrescent, usually densely sericeous

along the elevated midveins and major lateral veins when young and

finely sericeous over the entire surface, the hairs ± straight, at least

some or occasionally all with rusty-red pigment in the crosswalk. Flow-

ers fragrant, cup-shaped at first, becoming ± saucer-shaped, appearing

with the leaves, held nodding or ± pendent on slender, pubescent pedi-

cels (2.5-)3-6(-7) cm. long; tepals 9-12, pure white, the outer 3 sub-

equal to the inner ones, the inner tepals spatulate to broadly obovate,

with rounded apices and cuneate to short-clawed bases, 3.5-6 cm. long,

2-4.4 cm. wide; stamens numerous, 10-15 mm. long, reddish-purple;

gynoecia greenish, ca. 1.5 cm. long at anthesis. Fruit aggregates ± pen-

dent, pinkish at dehiscence, becoming dark purplish-brown, cylindric, 2-7

cm. long, with short, ± erect stylar beaks; seeds ca. 6 mm. long, the

outer seed coats red. 2n = 38. (M. parviflora Sieb. & Zucc, not Blume;
M. verecunda Koidzumi.)
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Native to a wide area of eastern Asia in Japan, Korea, and Manchuria;

also known disjunctly from Anwhei and Kwangsi ^ provinces, China.

Plants with the young branchlets tomentose with yellowish or ± ru-

fous hairs, occasionally larger leaf blades to 21.5 cm. long and 15.9 cm.

wide (some ± suborbicular), longer petioles to 6.4 cm. long, the stipule

scars extending more than half the lengths of the petioles, and hairs on

the lower surfaces of the leaf blades ± appressed and crinkled, lacking

red or rust-colored pigment in the crosswalls are recognized here as Mag- .

nolia sieboldii subsp. sinensis (Rehder & Wilson) Spongberg, comb,

et Stat. nov. (Basionym: Magnolia globosa Hooker f. & Thompson var.

sinensis Rehder & Wilson, PI. Wilsonianae 1: 393. 1913; syn. M. sinensis

(Rehder & Wilson) Stapf, Bot. Mag. 149: sub t. 9004. 1924; M. nichol-

soniana Hort., not Rehder & Wilson).

This subspecies is apparently endemic to a small area of northwestern

Szechwan Province, China, where the type specimens, Wilson^ 1422 ^
(a,

five sheets! ; k, three sheets! ), were collected west of and near Wen-ch uan

at 2,000 to 2,600 m. by E. H. Wilson in June and September of 1908.

First proposed as a variety of Magnolia globosa, subsp. sinensis, In
^

38, has been recognized by most authors as a distinct species closely

related to both M. globosa and M. wilsonii. However, during this study it

was concluded that the closest affinities of the Szechwan plants are with

M. sieboldii and that this relationship is best reflected by treating the

taxon as a subspecies of M. sieboldii. This conclusion became inevitable

when a comparison was made between one collection of M. steboldn

subsp. sieboldii from a plant cultivated on Martha's Vineyard, ^lassa-

chusetts, spongberg & Hill 74-14 (aah), and the flowering specimens

constituting the type collection of M. globosa var. smensts. The flow-

ering specimens of these two collections could well have come rom a

single gathering. Only after an examination and comparison of these

collections with a series of specimens of M. sieboldii subsp. ^^^boldtt {oi

both spontaneous and cultivated origin) were differences noted which dis-

tinguish the two taxa. The fact that subsp. sieboldii is wide-rang ng n

nature while subsp. sinensis is widely disjunct and apparently rest ,c ed

to a small area of northwestern Szechwan Province suggests that the

species once was more widely distributed and that the Szechwan popula-

tion(s) has become morphologically differentiated as a result of geographic

''ttnolia X ^ieseneri (qv ) is a hybrid between M. sieboldii and M.

JZ:!:::LZ:^:JilL in wLem gardens and arboreta-^^^^

M. sieboldii X M. tripetala is represented in cultivation by the cultivar

'Charles Coates', described briefly under M. tripetala.

.;<,„ «f the occurrence of Magnolia

ive been unable to locate any earlier mention of the occurre

^^ ^^^ ^^.^ ^^

in Kwangsi Province. It i^ credited here to that pr
^^^ ^^ ^^ ^^^^^
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Magnolia subg. Yulania (Spach) Reichenbach, Rep. Herb. NomencL

Gen. PI. (Deutsche Bet.) 1(1): 192. 184L

Deciduous trees and shrubs; flowers precocious or appearing with the

leaves ; tepals subsimilar or the outer whorl reduced in size and sepaloid

;

anther sacs laterally or sublaterally dehiscent.

Three sections, one with species in eastern North America and eastern

Asia, two with species restricted to eastern Asia.

Key to the Species and Selected Hybrids of

Magnolia subg. Yulania in Cultivation

1. Tepals subequal, the outer whorl petaloid, not simulating a calyx; flowers

precocious, sometimes continuing to flower as the leaves expand; tepals

white to purple 2.

2. Tepals (12-)15-33, narrowly oblong or strap-shaped, 0.6-1.4(-1.7) cm.

wide 20. M. kobus var. stellata.

2. Tepals (5-)6-12(-16), spatulate to obovate or oblanceolate, (1.4-)2.5-

7.5(-8) cm. wide 3.

3. Tepals of the innermost whorl held erect, connivent, enclosing the

androecium and gynoecium, the outer whorls held ± horizontally or

occasionally reflexed; leaf blades generally elliptic to oblong-ovate,

with 12 or more pairs of major lateral veins 4.

4. Tepals 12-16; fruit aggregates 11-1 5 (-20) cm. long; upper sur-

faces of the leaf blades glabrous 13. M. campbellii.

4. Tepals 7-10; fruit aggregates 7-10 cm. long; upper surfaces of

the leaf blades with short hairs along the veins. 26. M. X veitchii.

3. Tepals of the innermost whori not connivent, not enclosing the an-

droecium and gynoecium, the outer whorls held ± horizontally or

drooping; leaf blades generally obovate to oblanceolate, with 12 or

fewer pairs of major lateral veins 5.

5. Flowers held ± erect on the branchlets; leaves usually obovate

to oblanceolate, apically acute or usually abruptly short-acumi-

6. Tepals or tepal scars 9, the tepals tapering downward to

7. Flowers precocious; tepals white, the outer whorl subequal

to the inner whorls 14. M. heptapeta.

7. Flowers precocious, sometimes continuing until after the

leaves have expanded; tepals rarely white throughout, the

abaxial surfaces usually flushed pink to dark purple, the

outer whorl of tepals often ca. half as long as the inner

tepals 27. M. X soulangiana.

6. Tepals or tepal scars 12 or more, the tepals tapering down-

ward to relatively narrow, ± clawed bases 8.

8. Tepals rosy-red on the abaxial surfaces; leaves generally

less than twice as long as broad

15. M. sprengeri var. sprengeri.

8. Tepals white on the abaxial surfaces; leaves generally more
than twice as long as broad. 15. M. sprengeri var. elongata.
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Flowers held ± horizontally on the brancl:

. 16. M. sargentiana var. sargentiana.

10. Tepals 10-16, 8.4-12.5 cm. long; leaf blades generally

more than twice as long as broad

16. Af. sargefiiiana var. robusta.

9. Tepals 9-12, pale pink on the abaxial surfaces; leaf blades

strongly reticulate, the lower surfaces glabrous or with few,

scattered hairs along the veins 17. M. dawsoniana.

)als very unequal, the outer whorl sepaloid, simulating a calyx, sometimes

ucous; flowers precocious or appearing with the leaves; petaloid tepals

te, purplish, greenish, or yellowish 11.

Flowers precocious; petaloid tepals white, sometimes flushed pink to

purple at the base, or the tepals pink to purple 12.

12. Flowers often continuing after the leaves have expanded; petaloid

tepals flushed pink to purple on the abaxial surfaces, white to pink

or purplish within 13,

13. Shrubs; flowers continuing to appear with the leaves; stipule

often decurrent along the petiole; leaf blades with hairs along

the midveins or glabrous beneath 21. M. quinqiiepeta.

13. Large shrubs or usually trees; flowers primarily precocious,

some flowers appearing with the leaves; stipule scars small,

basal, the lamina not decurrent along the petiole; leaf blades

usually puberulent over the lower surfaces

27. M. X soiilangiana.

12. Flowers not continuing after the leaves have expanded; petaloid

tepals white on both surfaces, sometimes tinged pink to purple ba-

sally, rarely with the abaxial surfaces flushed pink throughout. 14.

14. Petaloid, inner tepals (5-) 6-16, spatulate,

ceolate, (1.4-) 2-4. 5 cm. wide, the outer

tepals persistent at

finely sericeous '5.

15. Lower surfaces of the leaf blades finely puberulent over

the entire surface or at least adjacent to the midveins. 16.

16. Flowers held ± erect on the branchlets; petaloid

16. Flowers held ± horizontally on the branchlets; petal-

oid tepals 6, rarely to 12, ± drooping; branchlets

glabrous 19. A/, salicijolia.

Lower surfaces of the leaf blades glabrous or with long

hairs scattered along the veins and/or in the axils of the

midveins and major lateral veins ^'

17. Petaloid tepals (5)6 or 7. 20. M. kobus var. kobus.
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17. Petaloid tepals (11)12-16

20. M. kobiis var. loebneri.

14. Petaloid tepals (12-) 15-33, narrowly oblong or strap-shaped,

0.6-1.4(-1.7) cm. wide, the outer whorl of sepaloid tepals

often caducous or sometimes abortive; young branchlets finely

sericeous 20. M. kobus var. stellata.

Flowers appearing with the expanded leaves; tepals purplish, greenish,

nr vpllnwi"<;h 1^'

19. Branchlets of the current and previous year glabrous; pedi-

cels glabrous or rarely villous; tepals greenish-yellow through-

out or sometimes golden yellow on the adaxial surfaces

Branchlets of the current and previous year with short hairs

or roughened by hair bases; pedicels villous or rarely gla-

brous; tepals light yellow on the abaxial surfaces, golden yel-

low within, rarely greenish-yellow throughout

Magnolia sect. Yulania (Spach) Dandy, Camellias and Magnolias,

Roy. Hort. Soc. Conf. Rep. 72. 1950.

Deciduous trees and shrubs; flowers precocious; tepals subsimilar, not

differentiated into an outer, sepaloid whorl and inner, petaloid whorls.

Type species: M. heptapeta (Buc'hoz) Dandy (syn. M. denudata Des-

More than seven species, all of eastern Asiatic distribution, of which

five are known in cultivation. Although the section is well defined, species

of sect. Yulania are in need of more study. Despite importation of lim-

ited quantities of seed, several species of the section are variable in

cultivation. Because knowledge of several of these species in nature is

based on limited herbarium material (in some instances only the type

collections), it is to be expected that further knowledge of variation in

nature might result in taxonomic changes.

Large deciduous trees with grayish-tan bark, often with several boles

from near the base, in nature to 30 (or 45?) m., or occasionally large

shrubs {fide G. Forrest); branchlets slender to ± stout, yellowish-green

or greenish-tan, becoming dark reddish-brown, glabrous, lenticellate

;

terminal winter (mixed) buds ovoid, finely sericeous to densely woolly

with yellowish-white hairs, the vegetative buds finely sericeous or sub-

glabrous. Leaves variable, subcoriaceous, the petioles (0.8-)l-5 cm. long,

glabrous, finely pubescent, or occasionally finely pubescent only at the

distal end, with small basal stipule scars on the adaxial surfaces; leaf
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blades (8-)n.5-23.5(-33.5) cm. long, (3.8-)4.6-10.7(-14.5) cm. wide,

elliptic, oblong-ovate or broadly obovate to oblong-oblanceolate, with

acute to short-acuminate apices and rounded to cuneate, often unequal

bases; upper surfaces of the blades dark green, reticulate, glabrous; low-

er surfaces pale green, completely glabrous, finely velutinous along the

midveins and major lateral veins or finely appressed-sericeous over the

entire surface with silvery hairs. Flowers large, faintly fragrant, pre-

cocious, held erect on stout, glabrous or sometimes pubescent pedicels

ca. 2 cm. long; tepals 12-16, deep to pale crimson or pink on the abaxial

surfaces, the inner surfaces suffused with the same color, or the tepals

pure white, the outer whorls held ± horizontally or occasionally reflexed

and drooping, the tepals concave, broadly spatulate to oblong-ovate, usu-

ally constricted basally into a short claw, (6.5-) 9.5-14 cm. long, (2.2-)

4.2-6.2 cm. wide, the innermost whorl held erect, connivent, enclosing

the androecium and gynoecium, these tepals broadly obovate to subglo-

bose, clawed at base, (7.7-)8.5-10.3 cm. long, (3.S-)4.3-6 cm. wide; sta-

mens numerous, (1-) 1.5-3 cm. long, the filaments purplish-red; gynoecia

2-3 cm. long at anthesis, the carpels glabrous or finely sericeous, green-

ish, the stigmas reddish. Fruit aggregates held erect, eventually pendu-

lous, cylindric, (7.5-) 11-1 5 (-20) cm. long when fully developed, often

asymmetrical and/or shorter from seed abortion, dull pinkish-red at de-

hiscence, finally brownish, the follicles indiscrete prior to dehiscence;

seeds ca. 1 cm. long, the outer seed coats red, the inner seed coat with a

small basal pore. 2n = 114.

A variable species, spectacular in bloom, native to a wide area of the

Himalayan region from eastern Nepal through Bhutan, northern Assam,

southeastern Tibet, and Upper Burma into Yunnan Province, China; un-

fortunately, hardy only in the milder areas of our range.

Plants of this species in cultivation are apparently derived primarily

from seed collected at the two ends of the range, i.e., Sikkim and Yunnan
(Johnstone, 1955, p. 47). George Forrest's collections from the eastern

end of the range, mostly from the vicinity of the Shweli-Salwin Divide,

were originally proposed as a distinct species. Magnolia mollicomata

W. W. Smith, Notes Roy. Bot. Card. Edinburgh 12: 211. 1920, but J. E.

Dandy {Ibid. 16: 123, 124. 1928) later pointed out that the eastern

and western plants were linked by intermediate populations in the in-

tervening range, and on this basis he submerged M. mollicomata within

M. campbellii. However, recognition of the Yunnan plants at some rank

under M. campbellii may be justified, since they can usually be distin-

guished by their densely yellowish-sericeous or felted pedicels, their

branchlets with persistent pubescence along one or two internodes be-

neath terminal stipular bud scale scars, and their elongate mixed (floral)

buds. In cultivation, the Yunnan plants grown from Forrest's seed col-

lections, while variable, are hardier than typical M. campbellii and com-

mence to produce flowers at an earlier age. Although a larger series of

specimens than I have seen from native habitats will be required to assess
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and fully understand the variation of M. campbellii over its wide range,

those plants from the eastern end of that area with the above mentioned

characteristics have previously been recognized under M. campbellii as

var. mollicomata (W. W. Smith) F. Kingdon-Ward, Card. Chron. III. 137

:

238. 1955, or as M. campbellii subsp. mollicomata (W. W. Smith) John-

stone, Asiatic Magnolias Cult. S?>. 1955.

Like other species of sect. Yulania, numerous plants of Magnolia

campbellii grown from imported Asian seed or seed collected from plants

grown in western gardens have proven variable in flower size, shape, and

color, in leaf size, shape, and pubescence, and in their period of bloom-

ing. Owing to the great beauty of several distinctive plants in cultiva-

tion, they have been given cultivar names; reference should be made to

Fogg and :McDaniel (1975) for a listing of the cultivars and to D. T.

Gresham (Morris Arb. Bull. 15: 29-31. 1964) and E. McClintock

(Jour. CaHf. Hort. Soc. 23: 30-36. 1962) for more detailed mformation

concerning a number of these variants.

Magnolia X veitchii (q.v.) is the collective epithet for hybrids be-

tween M. campbellii and M. heptapeta. Crosses between the two varieties

of M. campbellii, sometimes referred to as M. X raffilUh an illegitimate

name (see N. G. Treseder, Newsl. Am. Magnolia Soc. 5: 7. 1968), have

also been produced and are represented in cultivation by the cultivars

'Charles RaffilP (see Jour. Roy. Hort. Soc. 88: 494. figs. 173, 174. 1973)

and 'Kew's Surprise' {Ibid. 92: 2iS. 1967). Trihybrids between M.

campbellii and M. X soulangiana have been produced in England but

are known to me in cultivation in North America only outside our range,

at the Strybing Arboretum. Furthermore, the cultivar 'Caerhays Sur-

prise' (see F. J. Williams, Jour. Roy. Hort. Soc. 99: 364, 365. fig-
17J.

1974) represents the results of intentional hybridization between M.mmp-

bellii (as var. mollicomata) and M. quinquepeta 'Nigra' (as M. Itlttlom^.

This hybrid is not known by me to be grown in the United States.

Twiggy deciduous trees to ca. 15 m., usually of ±/ou"ded hai

occasionally large shrubs; bark dark gray, rough and hssured, d

lets stout, lenticellate, finely to densely sericeous, soon ghbrous, reddish-
^

or purplish-brown, eventually silvery-gray; vegetative buds finely pu-

bescent, the terminal winter (mixed) buds densely sericeous with sU-

very-gray or yellowish hairs. Petioles 1.3-2 ^m. long, finely tomen^o^

with small hL\ stipule scars on the adaxial surfaces; l^^^.b^^^es mem-^^

branaceous, 6.5-13.^-15) cm. long, 4.6-8.5(-11.2) cm. ^ide, ra^y d-

^

liptic or b oadly obovate to subrounded, usually obovate to oblong^;

vate, tapering to cuneate, obtuse, or subrounded, rarely ^ ''^^^^^
the kisSl .L ± rounded or truncate, usually produced ^ntoabn^^^

short-acuminate apices, the margins entire; upper surfaces
^^^^^ades^

dark green, ± reticulate, sparingly pubescent along the major veins, oc
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casionally along the secondary veins; lower surfaces ± reticulate, light

green, puberulent along the veins. Flowers lemony-fragrant, precocious,

± vase-shaped, held erect on short, densely yellowish-villous pedicels;

tepals 9 (or rarely 12), subsimilar, white or ivory, sometimes tinged

purplish at the base on the abaxial surfaces, broadly spatulate to obovate,

with rounded or ± acute apices, (4.8-) 7-8.5 cm. long, 2.5-4.5 cm. wide;

stamens numerous, purplish, 7-11 mm. long, the connectives produced

into short, apiculate appendages; gynoecia greenish, ca. 2 cm. long at

anthesis, thin, spindle-shaped. Fruit aggregates cylindric, often asym-

metrical from seed abortion, (4.5-) 7-15 cm. long, greenish-pink at de-

hiscence, becoming brownish, the follicles rounded and discrete prior to

dehiscence, lacking stylar beaks; seeds 10-13 mm. long, the outer seed

coats red, the inner ones black, i heart-shaped, with an apiculate apex.

2n = 114. {Lassonia heptapeta Buc'hoz, M. denudata Desrouss., M.

conspkua Salisb., M. yulan Desf., M. precia Loisel.) — Yulan, lily-

Widely cultivated in China and Japan; judged to be native to eastern

China in Kiangsu, Anhwei, Cheklang, Kiangsi, and Hunan provinces (see

P. J. Savage, Jr., Newsl. Am. Magnolia Soc. 10(2): 3-9. 1974).

The plants referred to by Rehder (1940, p. 251) as Magnolia denu-

data var. purpurascens (Maxim.) Rehder & Wilson, PI. Wilsonianae 1:

401. 1913, excluding the Chinese plant, are apparently not cultivated in

North America {fide Fogg & McDaniel, 1975), at least under that varie-

tal name. Moreover, the status of these plants is questionable, since

Yasui (1937) reported their chromosome number as 2« = 95, while that

of M. heptapeta is 2n - 114. Makino, in treating these plants as a dis-

tinct species, M. purpurascens (Maxim.) Makino, Jour. Jap. Bot. 6(4):

8. 1929, suggested that they may represent hybrids between M. hep-

tapeta and M. quinquepeta, in which case the plants would fall under the

hybrid group M. X soulangiana (q.v.).

15. M. sprengeri Pampanini, Nuovo (

Deciduous trees to 20 m., often of slender pyramidal habit; bark light

tannish-gray, smooth and lenticellate, in old plants exfoliating in small

flakes; branchlets stout to ± slender, yellowish-green or yellowish-tan,

becoming dark purplish-gray and longitudinally fissured, often finely

sericeous for 2 or 3 internodes beneath flowers or fruit aggregates of the

current or past seasons, otherwise glabrous; terminal winter (mixed)

buds finely sericeous to densely woolly with yellowish-white hairs. Petioles

1.5-2.5 cm. long, completely glabrous or occasionally villous at the base

of the blades and on the abaxial surfaces opposite the small, adaxial

stipule scars; leaf blades 7-13.5(-17) cm. long, 3.8-7(-12) cm. wide,

generally less than twice as long as broad, obovate or rarely ovate or

broadly elliptic, with cuneate to rounded bases, distally rounded to ±
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truncate, the apices abruptly short-acuminate or rarely rounded; upper

surfaces of the blades green, glabrous or with scattered hairs appressed

along the midveins and major lateral veins, finely reticulate; lower sur-

faces pale green, reticulate, glabrous or finely appressed-puberulent over

the entire surface, or occasionally glabrous except for crisped hairs along

the midveins and in the axils of the midveins and major lateral veins.

Flowers precocious, fragrant, saucer-shaped, held erect on short glabrous

or densely yellowish-sericeous pedicels, the pubescent pedicels soon gla-

brous; tepals 12 (-14), subsimilar, broadly spatulate to ol)k)ng-ob()vate,

(4.7_)5.5_12 cm. long, (2.2-)2.5-5.2(-6.S) cm. wide, tlie abaxial sur-

faces rosy-red, the adaxial surfaces rosy-red to pale pmk: stamen^ nu-

merous, 10-15 mm. long, rosy-red; gynoecia spindle-shaiH'd. ca. 2 tin. long

at anthesis, greenish, the stigmas rosy-red. Fruit aggregates cNlindnc,

often asymmetrical from seed abortion, 6-13 cm. long, the tolhcles

rounded and i discrete prior to dehiscence, green, becoming dull pmk at

dehiscence, finally brownish; seeds ca. 1 cm. long, with red outer seed

coats the inner seed coats with a basal pore surrounding a small stalk.

2m = 114. (M. denudata var. purpwast

excluding synonyms; M. diva Stapf

Rehder & Wil

including M. sprcngeri

Stapf, M. sprengeri var. diva Stapf ex Johnstoi

.

Chir

^ shrubs,
Native to Honan, Hupeh, and Szechwan provmces.

Small bushy trees, apparently to 15 m. in nature, or large suruu., ..

= 114, with the leaves 10.7-14.5 cm. long, 4.1-5.8 cm. wide, oblong-

oblanceolate, and usually more than twice as long as broad and wi h
j

slightly smaller flowers comprised of white tepals (sometimes tingea
j

pink) are referable to Magnolia sprengeri var. elongata (Rehder & wu-
|

son) Johnstone, Asiatic Magnolias Cult. 87. 1955 (^^^/^"«^«
!^./J;

:

elongata Rehder & Wilson, M. sprengeri elongata (Rehder & Wilson;
,

Stapf), of Hupeh and Szechwan provinces, China.
]

As is well documented by Stapf (Bot. Mag. 152: sub t.9116. 1925)
|

and reviewed by Johnstone (1955, pp. 79-89; see also P^ J.
Savage, J

r
.

Newsl. Am. Magnolia Soc. 6(2): 1-5. 1969), there have been con-

siderable nomendatural and taxonomic difficulties concerning Magnoha

sprengeri and its subspecific division. Some of this confusion exis

caus/it cannot be determined which of the two customarily recogmz^
^

varieties of M. sprengeri corresponds to the typical variety, var./W«-

This situation results because the type material of M. sprengerr col ct«i

by P. C. Silvestri in northern Hupeh in 1912 and ^^13, consists only o

flowering specimens, and it is not possible to determine the on^^ff^
of the dried tepals. Furthermore, since the flowers of M. sprengert are

;

precocious, the specimens lack leaves.
_

. .

^ a re;ul., I am provisionally and a*toa"'y.'"'^'S"f'"/ P'^^^dt

:

rosy-red tepals and leaves

*f
- less^ than Uv,ce

^comprising var. .prengen, while ma.nta.nin "r w « l ^^
white tepals and leaves generally more than twice as long asu

procedure has been adopted previously (see H.U.ers' Man. ed. 3, p. 184.,
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1973), and judging from Wilson's notes (PI. Wilsonianae 1: 402. 1913)

on the relative abundance of the two varieties in nature, it might be ex-

pected that Silvestri's collections were from rosy-red-fiowered plants.

If, however, it were subsequently determined that Silvestri's specimens

correspond to var. elongata, the correct varietal name for plants with

rosy-red flowers would be var. diva Stapf ex Johnstone, Asiatic Magnolias

Cult. 83. 1955.

The plant figured and discussed by Stapf in the Botanical Magazine

under t. 9116 was one of several plants grown from seed collected in

China by Wilson. These plants were initially grown by the Veitch nur-

sery firm in England but were sold in 1913 at the famous Coombe Wood

sale to Kew, Caerhays Castle in Cornwall, and Bodnant in northern

Wales. Although the entire seed lot (W-688) was ascribed by Wilson

to var. sprengeri (cited as M. denudata var. purpurascens (Maxim.)

Rehder & Wilson), the plants proved to be variable, and all but one

plant at Caerhays (the plant figured in Bot. Mag.) produced white flowers

and are referable to var. elongata. Apparently, the Caerhays plant rep-

resents the only introduction of var. sprengeri, and its clonal and seed

progeny represent the variety in cultivation in western gardens. As a

result of its great horticultural value, the Caerhays plant of M. sprengeri

var. sprengeri and its clonal progeny are usually referred to by the cultivar

name 'Diva'. For detailed descriptions of this cultivar, reference should

be made to Stapf 's article and to that of Johnstone (1955, pp. 83-86, pi.

9).

Deciduous trees, in nature to ca. 25 m., usually of upright habit, the

bark light tannish-gray, warted with conspicuous lenticels, in old plants

fissured into irregular platelets; branchlets stout to ± slender, yellow-

ish-green or yellowish-tan, becoming reddish-brown, often with conspicu-

ous whitish lenticels, finely sericeous for 2 or 3 nodes beneath the flow-

ers or fruit aggregates of the current or past seasons, otherwise glabrous;

terminal winter (mixed) buds densely woolly with yellowish-white hairs,

the vegetative buds finely sericeous to subglabrous. Petioles 1.5-4.5 cm.

long, glabrous or with very few scattered hairs, the adaxial surfaces with

small basal stipule scars; leaf blades subcoriaceous, (7-) 11-18 cm. long,

(4.6-) 5-10.5 (-12) cm. wide, generally less than twice as long as broad,

obovate to oblanceolate or broadly elliptic, rarely ± suborbicular, with

cuneate, often unequal bases and acute to rounded or sometimes emarginate

apices; upper surfaces of the blades light green, ± glossy, reticulate,

glabrous; lower surfaces paler green, finely pubescent over the entire

surface or on the lamina adjacent to the midveins with i appressed,

curly, silvery or grayish hairs. Flowers fragrant, precocious, ± nodding

on short, glabrous to densely sericeous pedicels; tepaJs subsimilar, 12-

14, rarely fewer, 6.4-9 cm. long, 1.4-3.4 cm. wide, spatulate or oblong-
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oblanceolate, purplish-pink on the abaxial surfaces, white to pale pink
on the adaxial surfaces; stamens numerous, 12-18 mm. long, purplish;

gynoecia greenish, with purplish styles, narrowly cylindric, (2-)
2.5-3 cm. long at anthesis. Fruit aggregates cylindric, 9-11 cm. long,

often asymmetrical and contorted from seed abortion, reddish-purple at

dehiscence, finally dark purplish-brown; follicles ± discrete prior to de-

hiscence, with obsolete stylar beaks; seeds ca. 1 cm. long, the outer seed

coats orangish-red, the inner seed coat with a small basal pore. 2n =
114.— Sargent's magnolia.

Native to northern Yunnan, Szechwan, and eastern Sikang provinces,

Spreading bushy trees usually branched from near the base, with ob-

lanceolate leaves 14.5-20.5 (-25) cm. long, 5.9-8.7(-13.5) cm. wide,

and more than twice as long as broad, producing larger flowers with

(10-) 12-16 obovate tepals 8.4-12.5 cm. long and (3.1-)4.5-7.5(-8) cm.

wide and larger fruit aggregates 15-19.5 cm. long have been segregated

as Magnolia sargentiana var. robusta Rehder & Wilson, PI. Wilsonianae

1: 399. 1913. Known only from the type locality (woodlands and open

country, Washan) in western Szechwan, var. robusta, 2n = 114, is known

to me from E. H. Wilson's type collection and from specimens of culti-

vated plants apparently grown from his seed collection or their progeny.

The cultivar 'Caerhays Belle' (see F. J. Williams, Jour. Roy. Hort.

Soc. 91: 285. fig. 151. 1966) represents Magnolia sargentiana var. ro-

busta X M. sprengeri 'Diva', while 'Buzzard' and 'Hawk' are selections

from M. sargentiana var. robusta X M. campbellii. Specimens or plants

of these hybrids have not been seen.

17. M. dawsoniana Rehder & Wilson, PI. Wilsonianae 1: 397. 1913.

Figure 4, p.

Deciduous trees to ca. 12 m. or usually large shrubs of ± dense, twiggy

growth, the bark ± smooth, tannish-gray, lenticellate; branchlets slender

to ± stout, yellowish-green, becoming dark reddish-brown, lenticellate,

glabrous or finely sericeous for 1 or 2 internodes beneath the flowers;

terminal winter (mixed) buds finely appressed-pubescent with yellowish

or silvery hairs. Petioles 1.3-2.9 cm. long, glabrous or finely pubescent

within the small, basal stipule scars; leaf blades ± subcoriaceous, 7.5-

13.5 cm. long, 5-7.8 cm. wide, broadly elliptic or usually obovate, tapering

to cuneate to subrounded, usually unequal bases, the distal ends usu-

ally obtuse, rounded, or ± truncate, the apices sometimes abruptly

short-acuminate, rarely emarginate; upper surfaces of the blades lustrous

dark green, strongly reticulate, finely pubescent along the midveins, some-

times becoming glabrous; lower surfaces paler green, strongly reticulate,

glaucous(?), glabrous or with few scattered hairs along the midvems.

Flowers fragrant, precocious, held ± horizontally or nodding at the ends

of branchlets on stout, glabrous or pubescent pedicels 7-15 mm. long;

tepals 9-12, subsimilar, oblong-spatulate to oblanceolate, 7-11 (-12.7)
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cm. long, 2.1-5(-6.5) cm. wide, white, the abaxial surfaces flushed pale

pink; stamens numerous, purplish-red, 12-18 mm. long; gynoecia narrow-

ly cylindric, at anthesis ca. 1.5 cm. long. Fruit aggregates cylindric,

7-10 cm. long, sometimes asymmetrical from seed abortion, reddish-

green at dehiscence, becoming dark reddish-brown; follicles rounded and

discrete prior to dehiscence, lacking stylar beaks; seeds 7-10 mm. long,

the outer seed coats red, the inner black seed coat with a basal pore

surrounding a small stalk. 2n = 114.— Dawson's magnolia.

Known only from the type locality near Tatsien-lu in eastern Sikang

Province (formerly in western Szechwan Province), China; very infre-

quently cultivated in our area.

Closely allied to Magnolia sargentiana, M. dawsoniana differs from

that species in the essentially glabrous under surfaces of its more strongly

reticulated leaves, in its flowers with fewer tepals, in its usual shrublike

habit, and in the different structure at the base of the inner seed coats.

Magnolia sect. Buergeria (Siebold & Zuccarini) Dandy, Camellias and

Magnohas, Roy. Hort. Soc. Conf. Rep. 73. 1950.

Deciduous trees and shrubs; flowers precocious; the outer whorl of

tepals sepaloid, sometimes caducous, rarely abortive, the inner whorls

petaloid. Type species: M. stellata Sieb. & Zucc. = M. kohus var. stel-

lata (Sieb. & Zucc.) Blackburn.

Four species of China and Japan. With the exception of Magnolia

biondii Pampanini of Shensi, western Honan, western Hupeh, and eastern

Szechwan provinces, China, all the species of this section are cultivated

in western gardens.

18. M. cylindrica E. H. Wilson, Jour. Arnold Arb. 8: 109. 1927.

Small trees to ca. 9 m., with smooth, silvery-gray or tannish bark;

young branchlets reddish- or purplish-brown, densely but finely silvery-

pubescent, eventually glabrous, emitting a spicy odor when bruised; ter-

minal winter (mixed) buds villous, the hairs yellowish or silvery, the

vegetative buds with shorter and fewer hairs. Petioles (9-)12-20(-25)

mm. long, finely appressed-pubescent and narrowly grooved along the

length of the adaxial surfaces to the basal stipule scars; leaf blades mem-
branaceous to subcoriaceous, (5.7-)8-13.5 cm. long, 1.6-4.8 [-6.5] cm.

wide, elliptic to oblong-elliptic, [obovate, or oblanceolate] , with acute

to rounded apices and cuneate to attenuate bases; upper surfaces of the

blades glabrous, dark shining green; lower surfaces ± pulverulent to

glaucous, finely appressed-puberulent over the surface and along the

midveins, occasionally becoming glabrous; in herbarium material the

veins of the leaves elevated above the lamina on the upper and particu-

larly the lower surfaces. Flowers [precocious, similar to flowers of M.
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heptapeta in shape, held erect] on densely silky-pubescent pedicels at

the ends of branchlets, [usually subtended by an expanding leaf at an-

thesis] ; tepals [dimorphic, the outer 3 small, membranaceous, sepaloid,

12-15 mm. long, ca. 4 mm. wide], the inner 6 [petaloid, (6.5-) 8-10 cm.

long, (2. 5-) 3. 5-4 (-4. 5) cm. wide, broadly spatulate to obovate, white,

tinged pink at the base on the adaxial surfaces, the innermost tepals

held ± erect until late during anthesis; androecia ca. 13 mm. high, the

stamens with broad, flattened, pinkish filaments and acute to rounded

apices; gynoecia ca. 1.2 cm. long at anthesis, barely extending beyond

the stamens, cylindric-ovoid, greenish]. Fruit aggregates 5-7.5 cm. long,

cylindric, 1.8-2.5 cm. in diameter, d= pendent, greenish, tinged purplish

or reddish prior to follicle dehiscence, [becoming dark purplisli-hhuk nn

the exterior, the inner follicle walls tan; seeds ca. 1 cm. long, inx-ularly

2- or 3-faceted]. [In = 38.]

Known with certainty only from the type locality in Anwhei Prov-

ince, China, where specimens studied by E. H. Wilson were collected by

R. C. Ching {Ching 2949. a, two sheets!, k! ;
2994, a!, k!) on Wang Shan

in 1925. J. E. Dandy, in an annotation on one of these sheets, states that

Ching 2501 from northern Fukien near the Chekiang border is also this

Seed, reputedly of Magnolia cylindrica, was received in 1936 by the

late Mrs. J. Norman Henry of Gladwyne, Pennsylvania, from the Lu

Shan Botanic Garden, and plants considered to be M. cylindrica now in

cultivation in the United States and England are undoubtedly directly or

indirectly derived from this original importation. However, the identity

and status of the plants now being grown has been questioned, particu-

larly since M. cylindrica was based on specimens with immature iruit

aggregates, and no flowering material of the species has been examined

from China (see J. C. McDaniel, '^Magnolia cylindrica; tiie cmnese

puzzle, Newsl. Am. Magnolia Soc. 10: 3-7. 1974; N. G. Treseder, Mag-

nolia cylindrica, Rhododendrons 1975, with Magnolias and Lameinas,

Roy. Hort. Soc. 70-72. 1975).
.

Because of the questionable identity of plants now m cultivation as,

Magnolia cylindrica, the description given here is based on a re-examina^

tion of the type material in the herbaria at the Arnold Arboretum and

-' Kew, while supplemental information based on specimens irom inc

' ^'-
. 1 i.„t„ A ^fMnr.ari<;nn 01 the

HX-.X... .11 vu.txvcv.xwx. .^ included within brackets,

protologue and the description presented here (based on the type spea-

mens) will show some discrepancies, particularly concerning the texture

of the leaves, a character that has been interpreted to be ai

between the plants in cultivation and the leaves described by \\ Ison^

My comparisons of the type material and specimens of th^/^"^^''^;"^

plants^ have satisfied me, however, that the leaves as well as other

* The following specimens of Magnolia cylindrica ^rom
^^^^^^^''°^^

Tol^ge, 3
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characters are in agreement. The status of M. cylindrica as a distinct

species or, as suggested by McDaniel, a putative hybrid involving M.

heptapeta as one parent cannot be answered until suiTicient material,

particularly from China, is available for an assessment of variability.

The hybridization studies suggested by McDaniel may give interesting

results and insights helpful to the determination of the correct taxonomic

status of M. cylindrica, a taxon that is accepted here provisionally as a

Large deciduous shrubs or usually small, often slender pyramidal or oc-

casionally widely branching trees to 12 m.; bark warted, dull silvery- or

brownish-gray, the young branchlets slender, lenticellate, yellowish-green,

becoming dark reddish- or purplish-black, usually emitting a lemony or

aniselike odor when bruised; terminal winter (mixed) buds densely vil-

lous with long silvery or yellowish hairs, the vegetative buds yellowish

or blackish, finely sericeous or with few, short, scattered hairs, occasional-

ly glabrate. Petioles yellowish, (7-) 12-20 mm. long, narrowly winged

above the basal stipule scars, occasionally puberulent; leaf blades (4-)

6.5-1 2 (-16) cm. long, (1.7-)2-5.5(-7) cm. wide, ovate to elliptic or

usually lanceolate or oblong-lanceolate, broadest at or below the middle,

with acute or rounded apices, irregularly wavy margins, and cuneate,

acute, or subrounded, often ± unequal bases; upper surfaces of the

blades dull green, glabrous or rarely puberulent, particularly along the

midveins; lower surfaces pale green, often ± glaucous, very finely and

inconspicuously puberulent over the entire surface or at least adjacent

to the elevated, often yellowish midveins. Flowers usually fragrant,

precocious, held ± horizontally at the ends of branchlets on glabrous to

sparingly villous pedicels, often subtended by an expanding leaf : tepals di-

morphic, the outer 3 (rarely more) small, sepaloid, oblong, up to 3.5 cm.

long and 1 cm. wide, thin, greenish-white, the inner tepals 6 or occasionally

7 or 8 (rarely to 12), petaloid, white, sometimes greenish or flushed pink

at the base on the abaxial surfaces, broadly spatulate, obovate, or ob-

lanceolate in outline, (3.7-)5-9(-12) cm. long, 2-4(-4.5) cm. wide; an-

droecia ca. 1.5 cm. high, the stamens whitish, often pinkish at base, with

deltoid to rounded apices; gynoecia 1-1.5 cm. high, green, the styles

whitish, slightly recurved. Fruit aggregates cylindric, (3-)4.5-6(-7.5)

cm. long, usually symmetrical or occasionally asymmetrical and curved

from follicle abortion, at first held ± erect, green, becoming dull pink

to reddish as the follicles dehisce, finally dark purplish-black; seeds

12 Aug. 1965; Segd & Thompson 211, Arnold Arb., Ace. #2111-65, plant from
Hillier, flowering specimens, 6 May 1975; Spongberg & Lancaster s.n., Hilliers'

Plants have also been seen at the Henry Foundation for Botanical Research, Glad-

wyne, Pennsylvania, and the Strybing Arboretum.
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ca. 8 mm. long, the outer seed coats red. 2n - 38. {Buergeria

salkijoUa Sieb. & Zucc, Talauma? saUcijolia (Sieb. & Zucc.) Miquel;

including M. saUcijolia var. jasciata Millais, T. saUcijolia /3 concolor

IMiquel, M. X proctoriana Rehder, M. X slavinii Harkness, and putative

hybrids between M. saUcijolia and M. kobus var. kobus given the binomial

M. X kewensis S. A. Pearce, an invalid name lacking a Latin description.)

— Anise magnolia, willow-leaf magnolia.

Endemic to the Japanese islands of Honshu, Shikoku, and Kyushu,

where it occurs at moderate elevations in Fagus and Quercus forests.

(See Map 119 in H. Hara & H. Kanai, Distribution maps of flowering

plants in Japan. Fasc. 2. Tokyo. 1959.)

Despite the fact that Magnolia saUcijolia is relatively variable and very

closely related to M. kobus, it is easily distinguished from that species

by the shape and pubescence of its leaves. Magnolia saUcijolia was

originally introduced into western horticulture by C. S. Sargent, but it

has been questioned whether the plants grown and distributed by the

Arnold Arboretum from Sargent's seed collections were typical M. saU-

cijolia (see B. Blackburn, Baileya 5: 6. 1957; W. J. Bean, 1973, pp. 661,

662). Probably as a result of the skepticism surrounding the original

plants and the lack of sufficient knowledge of the variability of M. saU-

cijolia in nature, several plants of M. saUcijolia that appeared as seedlings

in cultivation were recognized as hybrids, and numerous plants now in

cultivation are currently treated as belonging to hybrid groups. In two

of the three instances in which putative hybrids were described, it was

postulated that other taxa of sect. Buergeria were the pollen parents.

Thus Rehder described a hybrid between M. saUcijolia and M. kobus var.

stellata (pro. sp.), giving the name M. X proctoriana to the hybrid group

(Jour. Arnold Arb. 20: 412. 1939), while S. A. Pearce (Card. Chron.

in. 132: 154. 1952) gave the collective name M. X kewensis"^ to pre-

sumed hybrids between M. saUcijolia and M. kobus var. kobus. A third

hybrid originally assumed to involve M. saUcijolia as the seed parent and

M. X soulangiana as the pollen parent was named M. X slavinii Hark-

ness (Natl. Hort. Mag. 33: 118. 1954). However, this hybrid was later

(Morris Arb. Bull. 12: 19. 1961) reduced to the synonymy of M. X
proctoriana, since its chromosome number, 2n = 38, did not coincide

with the number to be expected had M. X soulangiana, 2n = 95, 114,

been the pollen parent.

However, a re-examination of the morphology of the three presumed

hybrids (including the type specimens of Magnolia X proctoriana and

^The original plant of this putative hybrid and its clonal progeny arc now gen-

the formula M. saUcijolia X M. kobus to cover all progeny of this cross, but if

Blackburn's taxonomy (1955, 1957) is adopted concerning M. kobus and its varieties,

as it is here, the name M. X proctoriana, as a collective epithet, covers all hybrids

between M. saUcijolia and M. kobus. For reasons discussed above, however, these

hybrids are repudiated and the name M. X proctoriana is placed in the synonymy



1976] SPONGBERG, MAGNOLIACEAE 295

specimens from the "type" plants of M. X slavinii and M. X kewensis)

and that of the assumed parental taxa has convinced me that the "hy-
brids" are easily accommodated within M. salicijolia. This conclusion

is supported when the variation of M. salicijolia in nature is studied in

conjunction with the cultivated material. The fact that seedlings of M.
salicijolia show a degree of variability is undoubtedly correlated to some
extent with the fact that the species is self-compatible (see J. C. Mc-
Daniel, Newsl. Am. Magnolia Soc. 2: 4. 1965), and plants grown from

self-fertilized seeds should be expected to exhibit variation associated

with the expression of recessive traits. Support for the nonhybrid status

of these plants also comes from the cytological condition found in plants

grown as M. X proctoriana. F. S. Santamour, Jr. (Morris Arb. Bull.

21 : 80. 1970) found that at meiosis "pairing at metaphase I was regular,

with 19 bivalents being formed. Pollen abortion was only 7% and the

grains averaged 36.9 /a in diameter."

Among the cultivars of Magnolia salicijolia, 'Slavin's Snowy' (see B.

Harkness, Morris Arb. Bull. 12: 19. 1961) and 'Wada's Memory' (see

B. Mulligan, Arb. Bull. 22: 20, 21. 1959) are of particular merit be-

cause of their abundant large flowers.

20. M. kobus De Candolle, Reg. Veg. Syst. Nat. 1: 456. 1817.

Figure 5, a-n.

Deciduous shrubs or usually trees to 20 m., the trees occasionally

with a single bole, often with several limbs from near the base and widely

branching; bark warted, dull to clear silvery or brownish-gray, becoming

± ridged on old trunks; young branchlets slender to ± stout, glabrous

or occasionally finely sericeous, lenticellate, yellowish-green, becoming

dark reddish or purplish-black, usually emitting a turpentinelike odor

when bruised; terminal winter (mixed) buds densely villous with long

silvery or yellowish-brown hairs, the vegetative buds usually blackish,

occasionally yellowish or greenish, finely to densely sericeous. Petioles

yellowish-green, (0.1-)l-2.5(-3) cm. long, narrowly winged or shal-

lowly grooved along the length of the adaxial surfaces above the basal

stipule scars; leaf blades (3.2-)4.5-14.5(-16.5) cm. long, (2.5-)4-8.3

(-9.5) cm. wide, rarely elliptic, usually obovate to oblanceolate, widest

at or above the middle, with acute, abruptly short-acuminate, or oc-

casionally rounded apices, ± wavy, often undulate margins, and attenuate

to cuneate, often oblique, bases; upper surfaces of the blades dark green,

glabrous; lower surfaces pale green, glabrous or with long hairs scattered

along the elevated veins and in the axils of the midveins and major

lateral veins. Flowers precocious, usually ± fragrant, held ± horizontal-

ly at the ends of branchlets on finely to densely pubescent pedicels,

usually subtended by an expanding leaf at anthesis; tepals dimorphic,

the outer 3 (rarely more) small, sepaloid, persistent at anthesis, oblong,

(0.6-)1.5-3.5(-4) cm. long, (0.2-)0.3-0.5(-l) cm. wide, usually green-

ish- or brownish-white, rarely pure white, the inner tepals usually
6^

some-

times 5 or 7, petaloid, white, usually suffused with pink at the base on
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the abaxial surface, (5-) 6-7 (-9.8) cm. long, (L3-) 2-3.5 (-4.2) cm. wide,

narrowly to broadly spatulate to oblanceolate or sometimes obovate in

outline; androecia ca. 1.5 cm. long, the stamens usually pinkish or pur-

plish at base; gynoecia 1-1.5 cm. long at anthesis, cylindric, green, the

styles whitish. Fruit aggregates held ± horizontally, cylindric and sym-

metrical or often curved, asymmetrical and constricted between some

follicles owing to seed abortion, 3.5-11 cm. long, green at first, becoming

pinkish or reddish at dehiscence, warted with whitish outgrowths, finally

reddish-brown; seeds ca. 9 mm. long, usually slightly wider, with red

outer seed coats. 2n = 38. (M. thurberi Parsons; M. praecocissima

Koidzumi; including M. kobus var. borealis Sarg.)

—

Kobus magnolia.

Relatively common at moderate elevations throughout Japan; also

known from Quelpaert Island, South Korea.

As is well outlined by Johnstone (1955, pp. 92-94), the rationale for

the inclusion of var. borealis Sarg., Trees & Shrubs 2: 57. 1908, within

var. kobus is based on the fact that there are no clear-cut distinguishing

characters that separate the northern plants from the southern ones.

Aside from Magnolia kobus var. kobus, above, two additional, horticul-

turally important varieties of M. kobus are recognized here; the status

accepted for var. stellata follows the treatment proposed by Blackburn

(Baileya 5: 3-13. 1957).

Magnolia kobus var. stellata (Sieb. & Zucc.) Blackburn, Amatores

Herbarii 17: 1. 1955 {Buergeria stellata Sieb. & Zucc; Magnolia stellata

(Sieb. & Zucc.) Maxim.; M. halleana Parsons; M. kobus f. stellata (Sieb.

& Zucc.) Blackburn; including M. stellata var. rosea Veitch, M. stellata

var. keiskei Makino), In = 38, Star magnolia, is distinguished from var.

kobus by its habit as a low, twiggy shrub or small tree with finely seri-

ceous young branchlets, its narrower, elliptic or usually obovate to ob-

lanceolate leaf blades (1.8-) 6-13.2 cm. long and (0.8-) 2.5-6.5 cm. wide,

with rounded, obtuse, acute, or abruptly short-acuminate apices, and its

flowers with numerous (12-33), narrowly oblong, petaloid tepals 0.6-

1.4 (-1.7) cm. wide and 4-6.5 cm. long, sometimes suffused with pink on

the abaxial surfaces. The outermost whorl of three small sepaloid tepals

in flowers of var. stellata is often caducous, falling with the stipular bud

scales as the flowers expand, or sometimes it is abortive. A Japanese plant,

var. stellata has a reputedly natural area of distribution in the mountains

of the western Tokaido District of southern Honshu. It has been ques-

tioned, however, whether this taxon actually occurs or did occur in the

spontaneous flora of Japan or whether it was of garden origin (see N. G.

Treseder, Newsl. Am. Magnolia Soc. 8(2): 8. 1972). The question is

perhaps justified, since var. stellata is widely grown in Japan as an orna-

mental, and the few records of its occurrence as a wild plant are ques-

tionably valid.

Among the cultivars of Magnolia kobus var. stellata, several are of par-

ticular horticultural interest. These include 'Royal Star', a very hardy

upright small tree that blooms later in spring than most plants of var.

stellata, with the flowers, as a result, less subject to frost damage; 'Rosea'
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(= M. stellata var. rosea Veitch, Jour. Hort. Soc. London 27: 865. fig.

196. 1902), with the tepals suffused with reddish pink on the abaxial

surfaces in bud, fading to near white during anthesis; 'Centennial' (see

Avant Card. 5(24): 1. 1973), with larger and more numerous pure

white tepals than are found in most clones; and 'Waterlily', another

clone of vigorous and fast-growing plants with water-lilylike flowers,

pinkish in bud.

An Fi generation of sterile, triploid hybrids, 2n = 57, between Mag-

nolia kobus var. stellata and M. quinqmpeta (as M. liliflora) that are

multiple-stemmed, rounded or conical shrubs with erect terminal winter

(mixed) buds, glabrous branchlets, quinquepeta-\ike leaves, and stdlata-

like flowers has been produced at the United States National Arboretum,

and eight named cultivars selected from these hybrids have been dis-

tributed to several arboreta and commercial nurseries. The cultivars,

'Ann', 'Betty', 'Jane', 'Judy', 'Pinkie', 'Randy', 'Ricki', and 'Susan', are

fully described by T. R. Dudley and W. F. Kosar (Morris Arb. Bull. 19:

26-29. 1968; Ibid. 20: 64, 65. 1969).

Intraspecific hybrids between Magnolia kobus var. kobus and M. kobus

var. stellata have resulted from deliberate and chance crosses, and owmg

to the desirability of a name for these horticulturally important plants,

the hybrid group is recognized here as M. kobus var. loebneri (Kache)

Spongberg, comb, et stat. nov. (Basionym: Magnolia X loebnen Kache,

Gartenschonh. 1: 20. 1920). Plants of var. loebneri are generally small

trees and occasionally shrubs with young branchlets sparingly sericeous;

variable leaf blades narrowly oblanceolate to obovate, broadly elliptic or

oblong, 6.5-14.3 cm. long, 2.3-6.1 cm. wide, the apices obtuse rounded,

or abruptly short-acuminate, rarely ± refuse; and flowers held ± hori-

zontally and comprised of 3 outer, sepaloid tepals and 11-16 narrowly

to broadly spatulate petaloid tepals (1.3-) 1.6-3 cm. wide and 5-/.y cm^

long, the abaxial surfaces sometimes flushed pink. This hybna group

was first recognized as the result of deliberate crosses made between var.

kobus and var. stellata by Max Lobner of Pillnitz, Germany, shortly be-

fore World War I. Additional intentional crosses have been "^^de, while

chance crosses in cultivation have been
^^^^^"'^^^'^"^^'/^'''^f.t.tding

exceptional progeny have received cultivar names. T e

^^^J^^^
cultivars include 'Merrill' (see D. Wyman, ^moldia 12^45.

/-/^^^J^^/),
'Spring Snow', and 'Ballerina' (for both see J. C. McDaniel, ^ewsl Arn^

Magnolia Soc. 7(1): 1-3. 1970), all with ^-g^ ^f«,f^^4!^^^^^^

white flowers, and 'Leonard Messel' (see Jour. Roy. "o^^^ >oc yt.

1969; Newsl. Am. Magnolia Soc. 9(1) : 6, 7. 1973), with l.lac-pink flow

MAOKO.IA sect. TULIPASXKUM (Spach) Dandy, Camellias and Magnolias,

Roy. Hort. Soc. Conf. Rep. 74. 1950.

Deciduous trees and shrubs; flowers occasionally precocious (but t^^^^^^

continuing with the leaves), usually appearmg with the
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whorl of tepals sepaloid, sometimes caducous, the inner petaloid tepals

greenish to yellow or purple. Type species: M. acuminata L.

Two species, one of eastern North America and the second widely cul-

tivated since ancient times in China and Japan, judged to be native to

21. M. quinquepeta (Buc'hoz) Dandy, Jour. Bot. 72: 103. 1934.

occasionally larger,

sometimes suckering

from the roots; branchlets green, becoming purplish-brown, glabrous,

sparingly lenticellate; terminal winter (mixed) buds finely but densely

sericeous with yellowish or silvery hairs, becoming narrow and ± sickle-

shaped when expanding, the vegetative buds finely sericeous. Petioles 1-

2 cm. long, finely sericeous, with elongate, pubescent stipule scars ex-

tending almost to the base of the leaf blades; leaf blades broadly elliptic

to oblong-obovate or oblanceolate, (10-) 13-20 cm. long, (4.5-) 6.5-10

(-11.5) cm. wide, tapering ± gradually to acute to rounded, rarely

abruptly short-acuminate apices and cuneate to attenuate bases, the

lamina usually decurrent along the petiole to the stipule scar; upper

surfaces of the blades dark green, finely pubescent along the midveins,

otherwise glabrous or with few, scattered hairs over the lamina; lower

surfaces pale green, glabrous or sometimes with hairs along the midveins,

rarely with hairs over the lamina. Flowers sometimes precocious, but

continuing after the leaves have expanded, often with a second period

of bloom in fall, ± vase-shaped, odorless or faintly fragrant, held ±
erect on stout, sericeous pedicels; tepals dimorphic, the outer whorl of

3 or 4 sepaloid, 2-3.5 cm. long, 5-7 (-10) mm. wide, greenish or purplish,

caducous, the inner tepals 6 (-10), petaloid, narrowly lanceolate to

spatulate, (6.5-)8-10(-13) cm. long, (2-)3-4.5(-5.1) cm. wide, the

abaxial surfaces purplish, the adaxial surfaces whitish to light purple;

stamens 8-10 mm. long, purplish, the connectives produced into short,

acute appendages; gynoecia ca. 1.5 cm. long at anthesis, the carpels

purplish. Fruit aggregates apparently rarely formed, those examined

cylindric to subglobose, 3.5-5.5 cm. long, dark purplish-brown; follicles

rounded prior to dehiscence, with short stylar beaks ; seeds ca. 1 cm. long.

2n = 76. {Lawsonia quinquepeta Buc'hoz; M. liliflora Desrouss. in La-

marck; M. obovata Thunberg, quoad syn.; M. discolor Ventenat; M.

purpurea Curtis; M. denudata Schneider, not Desrouss.)

Cultivated in China and Japan since ancient times but judged to be

native to China, "probably of the warm temperate districts south of the

Yangtsze river" (Rehder & Wilson, PI. Wilsonianae 1: 403. 1913).

Several cultivars of Magnolia quinquepeta have been named (see J. C.

McDaniel, Newsl. Am. MagnoUa Soc. 9(2): 20-23. 1973; Fogg & Mc-

Daniel, 1975), and the following two were accounted for by Rehder
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(1940, 1949): 'Nigra' (= M. liliflora var. nigra (Nicholson) Rehder in

Bailey, Std. Cycl. Hort. 4: 1968. 1916; M. X soulangiana nigra Nichol-

son, Card. 25: 276, 277. pi. 434, 1884), a plant with large flowers, the

petaloid tepals ca. 12 cm. long, intensely dark purple abaxially, light pur-

ple within; 'Gracilis' (= M. liliflora var. gracilis (Salisbury) Rehder in

Bailey, Std. Cycl. Hort. 4: 1968. 1916; M. gracilis Salisbury, Parad.

Londin. 2: t. 87. 1807), a small shrub with narrow leaves and small, dark

purple flowers. It would appear that these cultivar names have been used

for several similar clones, and it is probably impossible to distinguish

the direct clonal progeny of the plants to which these names were original-

ly applied.

Magnolia quinquepeta is the pollen parent of the hybrid group M. X
soulangiana (q.v.), while triploid hybrids between M. kobus var. stellata

and M. quinquepeta, 2n = 57, have been produced at the United States

National Arboretum and are discussed briefly under M. kobus. Magnolia

quinquepeta 'Nigra' (as M. liliflora var. nigra) is also the pollen parent

of M. X brooklynensis Kalmbacher (Newsl. Am. Magnolia Soc. 8(2):

7, 8. 1972; Ibid. 9(1): 12, 13. 1973), 2n = 78, a hybrid group involv-

ing M. acuminata as the seed parent. The type clone of this hybrid

group is 'Evamaria', while J. C. McDaniel has introduced another culti-

var, 'Woodsman' (see Newsl. Am. Magnolia Soc. 9(1): 13, 14. 1973;

Ibid. 10(2): 23. 1974; Am. Horticulturist 54(1): 10-13. 1975). Mag-

nolia X brooklynensis. as well as M. quinquepeta X M. sprengeri, M.

quinquepeta X M. campbellii, and the trihybrids between M. quinque-

peta and M. X veitchii (see D. T. Gresham, Morris Arb. Bull. 13: 47-

50. 1962), is not described here, since documenting herbarium specimens

and/or living plants have not been seen.

22. M. acuminata (Linnaeus) Linnaeus, Syst. Nat. ed. 10. 2: 1082.

1759.

Large deciduous trees usually of pyramidal form, to 30 m., the brownish-

gray bark furrowed into ridges; branchlets reddish-brown, becoming sil-

very-tan, lenticellate, sometimes pubescent at the nodes, otherwise gla-

brous; terminal winter (mixed) buds finely sericeous with closely ap-

pressed, silvery hairs. Petioles (1.5-)2.5-3.5(-5) cm. long, with basal

stipule scars, silvery-sericeous, sometimes becoming subglabrous; leaf

blades ± membranaceous, elliptic to broadly ovate, oblong-ovate or oc-

casionally oblong-obovate, 10-24 cm. long, with acute to abruptly acu-

minate or sometimes obtuse apices and rounded or truncate to acute or

cuneate, often unequal bases; upper surfaces of the blades dark green,

sparingly puberulent over the surface, becoming glabrous; lower sur-

faces paler green, ± glaucous, finely puberulous to densely sericeous,

particularly adjacent to the veins, sometimes becoming subglabrous.

Flowers appearing with the leaves, ± cup-shaped, held ± erect on gla-

brous or occasionally densely villous pedicels 1.5-3 cm. long; tepals y,

greenish to greenish-yellow throughout, sometimes purplish-tinged, giau-



300 JOURNAL OF THE ARNOLD ARBORETUM [vol. 57

cous, the outer whorl of 3 smaller than the inner 6, sepaloid, ca. 2 cm.
long, becoming reflexed, the inner tepals petaloid, 3-9(-10) cm. long,

1-3 cm. wide, oblanceolate to oblong-spatulate; stamens numerous, ca.

1 cm. long, the filaments well defined; gynoecia ca. 2.5 cm. long at an-
thesis. Fruit aggregates ± ovoid to oblong-cylindric, often asymmetrical
from seed abortion, (3-)3.5-5(-7) cm. long, green, becoming pinkish at

dehiscence, finally dark reddish-brown; follicles rounded, lacking stylar

beaks; seeds 9-11 mm. long, the outer seed coats reddish-orange. 2n =
76. (M. virginiana e acuminata L.; Tulipastrum acuminatum (L.) Small;
including M. acuminata var. ludoviciana Sarg., M. acuminata var. ozarken-
sis Ashe.)

—

Cucumber-tree.

A variable species widely distributed in eastern North America from
southern Ontario and New York southward to Alabama, Mississippi,

and Louisiana, and west to Arkansas and eastern Oklahoma. (See E. L.

Little, Jr., Atlas of U. S. Trees 1: map 140-E. 1971; J. C. McDaniel,
Newsl. Am. Magnolia Soc. 9(2) : 9-14. 1973; Ibid. 10(2) : 21, 22. 1974.)

Plants with the outer petaloid tepals greenish-yellow and the inner

petaloid tepals clear golden yellow have been recognized as Magnolia
acuminata f. aurea (Ashe) Hardin, Jour. Elisha Mitchell Sci. Soc. 70:

306. 1954 {Tulipastrum acuminatum var. aureum Ashe). This yellow-

flowered form of M. acuminata occurs sporadically in the mountains and
upper Piedmont of the Carolinas, Georgia, and Tennessee, while plants

comprising M. acuminata var. subcordata (Spach) Dandy, Am. Jour.
Bot. 51: 1056. 1964 {Tulipastrum americanum var. subcordatum Spach;
M. cordata Michx.; M. acuminata var. cordata (Michx.) Sarg.; includ-
ing M. acuminata var. alabamensis Ashe), also commonly with yellow
flowers, are native to the Piedmont and Coastal Plain from central North
Carolina to central Alabama. Usually trees or sometimes large shrubs,

plants of var. subcordata are distinguished from plants of var. acuminata,
described above, by the young branchlets densely sericeous with close,

silvery hairs or at least roughened by the bases of these hairs, the lower

surfaces of the leaf blades closely tomentose, and the yellow or sometimes
greenish-yellow flowers borne on densely villous, rarely glabrous, pedicels.

As noted by Hardin (1954), intermediates between the two varieties oc-

cur, and reference should be made to Hardin's paper for a more detailed

and complete comparison of the two taxa.

The hardiest of the America species of Magnolia, M. acuminata is often

used as rootstock for grafting other, more tender species. Magnolia acu-

minata is also the seed parent of hybrids with M. quinquepeta, known
under the collective epithet M. X brooklynensis; these are discussed brief-

ly under M. quinquepeta.
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23. M. virginiana Linnaeus X M. grandiflora Linnaeus.

Evergreen or sometimes deciduous trees to 10 m. (perhaps more), of

spreading or erect, columnar habit; branchlets stout, with septate pith,

at first thickly to thinly felted with rufous or yellowish hairs, the older

growth eventually glabrous, green or yellowish-green, becoming reddish-

brown; buds densely sericeous with rufous or silvery-rufous hairs. Petioles

stout, (1-) 1.5-2 (-2. 5) cm. long, densely sericeous with rufous hairs, the

density often decreasing with age, with small, often obscured, pubescent,

basal stipule scars on the adaxial surfaces; leaf blades stiffly coriaceous,

8.8-18 (-22) cm. long, 4-8.5 (-10) cm. wide, elliptic, oblong-lanceolate,

± oblong-ovate to broadly ovate, with attenuate bases, entire ± undulate

margins, tapering slightly to rounded or rarely retuse apices; upper sur-

faces of the blades dark, glossy green, at first with hairs scattered over

the lamina and on the midveins, the hairs along the midvems often per-

sistent, the lamina, when dried, finely reticulated in a ± honeycomb

pattern; lower surfaces ± glaucous, often densely felted with rufous or

silvery-rufous hairs, often less densely so in age. Flowers cup-shaped,

lemony-fragrant, occurring intermittently throughout the growmg season

borne erect on densely silvery-, yellowish-, or rufous-felted pedicels 1-^

cm long- tepals 9-12 (?), white, broadly spatulate to subglobose in out-

line, 5.5-9 cm. long, 2.7-5.5 cm. wide; stamens ca. 12 mm. long, numer-

ous, rosy-purple; gynoecia ca. 2 cm. long at anthesis, carpe s finely pu-

bes;:ent, the styles glabrous. Fruit aggregates rarely developed when

formed often asymmetrical, ± subglobose, ca. 4 cm. long, the follicles

finely sericeous; seeds not seen. 2n = 76.

As noted by O. M. Freeman (Natl. Hort. Mag. 16: 161, 162. 1937)

when he first described this hybrid group, which resulted -- -^^^ -

pollinations made by him in 1930 :

semble Magnolia grandiflora, the pollen parent,

'Freeman

; parentage i

r U. S. D. A.
hybrids and represent the group m cuiuv«— ^ -----

^

Ar^annlia

plant inventory no. 169, P. L 277263; F. G. Meyer, Newsl. Am. Magnoha

Soc. 8(1): 7, 8. 1971), a selection from the F.
^^^^^^^^^^^^^^^^^^^^^

of narrow columnar habit propagated fairly easily from vege aUve cut

tings of half-ripened wood. 'Maryland'
(-^ f^'^^m ^F. gel attn',

Magnolia Soc. 8(1) : 8, 9. 1971), another selection from ^^^
^ f

"'
^^

'

t of spreading habit that was also named because of the relative

ease with which its vegetative cuttings be rooted.

Apparently the cultivar 'Griffin' (Fogg & McDaniel, 1975
p^

L spontaneous hybrid 1
Magnolia virginiana and M. grandi-
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24. M. X wieseneri Carriere, Rev. Hort. 62: 406. 1890. [Magnolia

hypoleuca X M. sieboldii.]

Small, deciduous, bushy trees or large shrubs to ca. 7 m., usually with

long branchlets and of rather ungainly habit; branchlets i stout, at

first sparingly appressed-pubescent with silvery hairs, soon glabrous,

green, becoming yellowish- or reddish-brown, the periderm exfoliating in

thin sheets; terminal winter (mixed) buds ± glaucous, sparingly pu-

bescent. Leaves alternate, the internodes at the ends of branchlets often

short and the leaves in somewhat loose, false whorls; petioles slender to

stout, (1. 7-) 2.4-3 (-5. 5) cm. long, subglabrous to finely sericeous with

silvery hairs, the adaxial surfaces with prominent stipule scars; leaf

blades (9.8-)13.8-19(-22) cm. long, (5-) 7.4-10.5 (-12.3) cm. wide,

broadly elliptic to obovate, tapering to cuneate to acute, sometimes un-

equal bases and acute to rounded apices, the margins entire, often un-

dulate; upper surfaces of the blades green, often with scattered hairs

along the midveins and the 1(K15 pairs of major lateral veins, otherwise

glabrous; lower surfaces glaucous, finely sericeous along the elevated mid-

veins and sparsely appressed-pubescent over the entire surface with ±
straight or crisped hairs, usually with reddish pigment in the crosswalls.

Flowers fragrant, ± cup-shaped, held erect on stout, glabrous or puberu-

lent pedicels 3-8 cm. long; tepals 9, the outer whorl of 3 white tepals

becoming ± reflexed and flushed pink in age, the inner 6 tepals creamy
white, broadly obovate, with rounded apices and narrowed bases, 5.5-6

long, the apices rounded, blunt, or occasionally apiculate; gynoecia ca.

3 cm. long at anthesis. Fruit aggregates and seeds not seen. 2n = 38.

(Magnolia X watsonii J. D. Hooker.)

A putative hybrid between Magnolia hypoleuca and M. sieboldii, ap-

parently of garden origin in Japan. First introduced into western horti-

culture by the Japanese at the 1889 International Exposition in Paris,

plants of this parentage have generally been known as M. X watsonii

J. D. Hooker. However, Carriere's name for this hybrid group was pub-
lished on 1 September 1890, while Hooker's description (Bot. Mag. 117:
sub. t. 7157) is dated 1 February 1891, thus necessitating under the rule

of priority the adoption of Carriere's name for all hybrids of this paren-

The description given here has been based on five specimens, two of

Japanese origin, including a 1918 Wilson collection from the grounds of

the Yokohama Nursery Company, Ltd. While most closely resembling
Magnolia^ sieboldii, M. X wieseneri can be readily distinguished from
that species by several characters, including the greater number of major
lateral veins in the leaf blades, the erect position of the flowers, the longer

stamens, and the larger gynoecium. From M. hypoleuca the hybrids dif-

fer in habit, in the smaller leaves with fewer lateral veins, in the

pubescent young branchlets, and in the smaller tepals.
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25. M. X thompsoniana (Loudon) C. de Vos, Nederl. Fl. & Pomon.

131. t. 43. 1876. [Magnolia virginiana X M. tripetala.]

Usually deciduous or occasionally semievergreen shrubs or small trees

to ca. 8 m., sometimes of loose, ungainly habit, reminiscent of Magnolia

virginiana; branchlets yellowish-green, becoming reddish-brown, lenticel-

late; pith incompletely septate; terminal winter (mixed) buds greenish

or yellowish-brown, glaucous. Leaves alternate, the internodes at the ends

of branchlets often short and the leaves sometimes appearing to be in

false whorls; petioles yellowish-green, (1.4-)1.8-2.5(-3.5) cm. long, line-

ly puberulent along the length of the adaxial surface above the basal

stipule scar; leaf blades elliptic or occasionally oblanceolate, (5.5-) 12-

17.5 (-22) cm. long, (2.4-) 5.5-7.5 (-8.5) cm. wide, with entire, ± undu-

late margins, cuneate bases, and acute apices; upper surfaces of the blades

green, shining, often with short hairs scattered along the midvems, other-

wise glabrous; lower surfaces silvery- or grayish-green, glaucous, finely

appressed-puberulous with silvery hairs over the entire surface, par-

ticularly along the elevated midveins. Flowers ± vase-shaped, pleas-

antly fragrant, held erect at the ends of branchlets on relatively stout,

glaucous pedicels (1.5-)2.4-3.5 cm. long; tepals 9, the outer 3 greenish-

white, spatulate in outline, with relatively broad bases, becoming ± re-

flexed, the inner 6 tepals creamy white, oblong-obovate, 7-9 cm long,

2 4-3 5 (-4) cm. wide, with rounded apices and narrowed, ± clawed bases,

stamens 1-1.5 cm. long, the

pendages; gynoecia greenish.

>roduced into short,

y at anthesis. Fruit aggregates

cylindric, green, becoming pinkish; seeds not ^een^ 2« -

or Sims; M. glauca var. thompsoniana Loudon.)
38. {M. glauca var. major Sims

— Thompson's magnolia.

A chance hybrid between Magnolia virginiana and M. tripetala first

described in 1820 (Bot. Mag. 47: t. 2164) from a plant^-vn from seed

in the nursery of Archibald Thompson at Mile End, ^ondo" _En^^^a^^^^

Plants of this parentage known to me in cultivation are in

^f^^^'^
ters intermediate between the two parental species. ^^ ^^^'^/^^^

j^.

perhaps most easily confounded with M vtrgmtam. H^J^
'con^^^

completely septate pith of branchlets of^M. X
^^Y";^—^^^^^^^^^

with the distinctly and completely septate pith oi m. i h '

character should aid in identification at any
^^f«Vj.^^^/;;;,3 p^m.

hybrid has recently been seated as a^.ult c. m^e^^^^^^^^^
^,_

nations of the parent species (see J. C. McUaniei lu"
v^uria,

Agr. Expt. Sta" pp. 8, 9. Fall, 1966), and the
^f

"'y °
.

*'^^'^^b';„
has also been investigated (see F. S. Santamour, Jr., Morns Arb. Bull.

"Sirt\ have seen of hybrids between ^-."^^^^Sf-
M. kypoleuca, mentioned under the latter spec.es, are almost .nd,sl.n„u.s

able from specimens of M. X thompsonmm.
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26. M. X veitchii auct. ex Card. Chron. III. 69: 154. jig. 68. 1921;

emend. J. W. Bean in Veitch, Jour. Roy. Hort. Soc. 46: 321.

1921. [M. heptapeta X M. campbellii.]

Vigorous deciduous trees to 30 m., when in flower similar in appear-

ance to M. X soulangiana; bark rb smooth, lenticellate, silvery-tan, the

branchlets glabrous or with few, scattered hairs, ± stout, dark purplish-

brown, lenticellate. Petioles finely pubescent, 2.5-3 cm. long; leaf blades

obovate to oblong, (11.5-) 14.3-22 cm. long, (6.5-)8.6-11.6 cm. wide,

abruptly short-acuminate or acute at the apices, the bases cuneate to ±
rounded, unequal; upper surfaces of the blades dark green, with short

hairs along the veins, otherwise glabrous; lower surfaces reticulate, finely

sericeous along the mid and lateral veins, sometimes on the lamina as

well. Flowers precocious, ± vase-shaped, held erect on stout, finely

pubescent pedicels 1-1.4 cm. long; tepals 7-10, subequal, white flushed

pink to purple on the abaxial surfaces, the adaxial surfaces very pale

pink or whitish, or the tepals white on both surfaces, obovate to broadly

spatulate, narrowed basally into a claw, (6.3-)9-12.2 cm. long, (2.5-)

4.5-5.9 cm. wide, the inner tepals held ± erect, partially enclosing the

androecium and gynoecium; stamens (1.3-) 1.5-2.2 cm. long, purplish;

gynoecia 1.8-2.3 cm. long at anthesis. Fruit aggregates 7-10 cm. long,

cylindric, usually contorted and asymmetrical from seed abortion, pink-

ish-green at dehiscence, becoming dark purplish-brown; seeds with red

outer seed coats, ca. 7 mm. long. 2n = 114(?). — Veitch's magnolia.

The name Magnolia X veitchii is applied to hybrids between M. hepta-

peta and M. campbellii. These hybrids were first obtained by P. C. M.
Veitch in England in 1907. Of five plants grown from the original hy-

brid seed, one plant produced flowers with pinkish tepals, while the

remaining four plants produced white flowers. The pink-flowered plant,

the form most often encountered in cultivation, is known by the cultivar

name Teter Veitch'.

27. M. X soulangiana Soulange-Bodin, Mem. Soc. Linn. Paris 1826:

269. 1826; Ann. Soc. Hort. Paris 1: 90. 1827. [M. heptapeta X
M. quinquepeta.]

Deciduous trees or sometimes large shrubs, usually of densely twiggy

habit; bark silvery-gray, ± smooth, with prominent horizontal lenticels;

branchlets purplish-brown, ± stout, glabrous or at first finely appressed-

pubescent; terminal winter (mixed) buds grayish, finely sericeous with

yellowish or silvery hairs, the vegetative buds silvery-pubescent. Petioles

0.7-3 cm. long, stout, finely sericeous, with short, basal stipule scars on

the adaxial surfaces; leaf blades membranaceous to ± subcoriaceous,

broadly elliptic to oblong-oblanceolate or broadly obovate to suborbicular,

usually abruptly short-acuminate (the apex itself rounded) or sometimes

± rounded, and tapering to cuneate to subrounded, often unequal bases,

(5.5-)7.5-16.2(-22) cm. long, (2.8-)3.1-11.5(-12.5) cm. wide; upper
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surfaces of the blades reticulate, dark, ± glossy green, with short, crisped

hairs along the midveins and major lateral veins, sometimes with scat-

tered hairs on the lamina as well; lower surfaces reticulate, paler green,

with sericeous pubescence along the veins and not uncommonly puberulent

over the lamina. Flowers precocious, often continuing until after the

leaves have expanded, variable in size, shape, and coloring, generally

goblet-, cup-, or saucer-shaped, fragrant or odorless, held ± erect on

stout, densely sericeous pedicels 5-7 mm. long; tepals 9, white or white

flushed or variously streaked pink to dark purple on the abaxial surfaces,

the adaxial surfaces white to pinkish, subsimilar, the outer whorl some-

times ca. half the length of the inner tepals, 6-11 (-15) cm. long, 2.7-

7 (-9) cm. wide, generally spatulate to obovate or oblanceolate, or rarely

the outer whorl greenish and sepaloid, when present, ca. 4 cm. long, 1.2

cm. wide; stamens numerous, usually pinkish to purplish, 8-1 2 (-15)

mm. long; gynoecia 1.5-2 cm. long at anthesis. Fruit aggregates cylindric,

5-10(-11.5) cm. long, often contorted and asymmetrical from seed abor-

tion, pinkish-green at dehiscence, finally dark reddish-purple; follicles

rounded, lacking stylar beaks; seeds ca. 12 mm. long, the outer seed coats

red. 2n = 95, 114(?). {M. speciosa Van Geel; M. conspicua var. sou-

langiana Hort. ex Pampanini.)

—

Saucer magnolia.

Perhaps the most widely cultivated Magnolia in western gardens, M. X
soulangiana comprises a variable group of hybrids between M. heptapeta

and M. quinquepeta, which were first grown by C. E. Soulange-Bodin

of Fromont, France, in 1820, apparently as the result of deliberate cross-

pollinations. Although partially sterile, a multitude of forms of M. X
soulangiana have appeared in cultivation since that time, and it would ap-

pear that owing to segregation in the Fo and succeeding generations and,

perhaps, introgression, several forms approach or merge with M. hepta-

peta, the original seed parent, and M. quinquepeta. As a result, identifi-

cation of particular plants is difficult, if not impossible, without knowl-

edge of chromosome number, and a thorough investigation of M. X
soulangiana, particularly in relation to M. heptapeta, is needed. Gen-

erally, plants of M. X soulangiana can be distinguished from M. hepta-

peta by their later blooming period (they begin to bloom one or two weeks

after M. heptapeta), by the often continuous production of a few flowers

until after the foliage has expanded, by the usual pink to purple colora-

tion of the abaxial surfaces of the tepals, and by the generally larger

size of the flowers. From M. quinquepeta the hybrids can be distinguished

by their blooming period, by the usually petaloid outer whorl of tepals,

by their mostly treelike habit, and by differences in the bases of the leaf

Backcrosses between Magnolia X soulangiana and M. quinquepeta have

been produced intentionally (represented in cultivation by cv. Dark

Splendor, see Fogg & McDaniel, 1975), while successful pollmations have

resulted in hybrids between M. X soulangiana and M. X vettchn as

well (see D. T. Gresham, Morris Arb. Bull. 13: 48, 49. 1962).
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Among the multitude of Magnolia X soulangiana cultivars, the fol-

lowing two were accounted for by Rehder (1940, 1949), are well known

in cultivation, and are of historical interest: 'Lennei' (= M. X soulan-

giana var. lennei (Topf) Rehder in Bailey, Cycl. Am. Hort. 3: 966. 1901;

M. lenneana Topf, Gartenflora 1: 86, 87; 244. 1852; see also N. Tre-

seder. Newsl. Am. MagnoUa Soc. 6(2): 5, 6. 1969), 2n = 114, a plant

with large suborbicular leaves and large, tulip-shaped flowers comprised of

fleshy, obovate tepals flushed rosy-purple on the abaxial surfaces, the outer

whorl sometimes sepaloid; and 'Rustica Rubra' (= M. X soulangiana

f. rubra (Nicholson) Rehder, Jour. Arnold Arb. 21: 276. 1940; var.

rustica Rehder in Bailey, Std. Cycl. Hort. 4: 1969. 1916; M. rustica

rubra Nicholson, Flora Sylva 1: 17 -f pi. 1903), a plant thought to be

a seedling of 'Lennei' with shorter, broader tepals flushed clear, rosy-red,

not purplish. For descriptions of numerous other cultivars of M. X sou-

langiana reference should be made to Bean (1973, pp. 666-668), Hil-

liers' Manual (1973, pp. 183, 184), and the complete listing in Fogg and

McDaniel (1975).

2. Michelia Linnaeus, Sp. PI. 1 : 536. 1753 ; Gen. PI. ed. 5. 240. 1754.

Evergreen trees or shrubs similar to Magnolia in structure and ap-

pearance; buds enclosed by stipular scales, leaving annular scars on the

branchlets. Leaves alternate, petiolate, stipulate, the stipules caducous,

adnate to the petioles (leaving obscure to conspicuous scars on the ad-

axial surfaces of the petioles) or free; leaf blades coriaceous, with entire

margins, cuneate to rounded bases, and obtuse, acute, or acuminate apices.

Flowers usually fragrant, axillary, solitary, short to long-pedicellate.

Perianth generally cup-shaped, comprised of 6-21 subsimilar (or rarely

rb dimorphic) fleshy tepals, in bud enclosed by stipular scales. Stamens

numerous, the filaments usually very short, hardly differentiated from

the elongated connectives, the connectives usually produced into acute

or acuminate appendages; anther sacs elongate, dehiscing laterally or sub-

laterally. Gynoecia conspicuously stipitate, of numerous carpels (or rare-

ly reduced to a single carpel), the carpels with 2 or more ovules, the

stigmatic surfaces decurrent along the stylar beaks. Fruits conelike aggre-

gates of free and lax or occasionally concrescent, longitudinally dehiscent

follicles. Seeds 2 or more per follicle, like those of Magnolia. {Cham-

paca Adanson; Liriopsis Spach.) Type species: M. champaca L. (Name
commemorating Peter A. ^Vlichel, 1679-1737, a Florentine botanist.) —
Michelia.

About 45 species of tropical and warm-temperate climates of south-

eastern Asia, India, and Ceylon. One species more commonly encoun-

tered in warmer areas of North America is precariously hardy in the

southern part of our range, while Michelia doltsopa Buch.-Ham. ex DC,
of western Yunnan, Tibet, and the eastern Himalayan region, and M.
compressa (Maxim.) Sarg., of Japan, the Ryukyu Islands, and Taiwan,

are sometimes grown in warmer regions of the United States. The flowers
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MoHANA, R. P. R. Seed anatomy of Michelia champaca with comments on the

primitiveness of magnoliaceous seeds. Phytomorphology 25: 81-90. 1975.
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Sims, J. Magnolia fuscata: Brown-stalked Magnolia. Bot. Mag. 25: t. 1008.
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1. M. figo (Loureiro) Sprengel in Linnaeus, Syst. Veg. ed. 16. 2: 643.

1825.

Bushy evergreen shrubs to ca. 6 m.; new growth covered with a cop-

pery-colored pubescence, the young branchlets rufous-tomentose, older

branchlets with finely fissured, grayish-brown bark. Petioles short, (1-)

2-4 mm. long, finely rufous-pubescent; leaf blades thinly coriaceous,

3-8(-10) cm. long, 2-3.5(-4) cm. wide, elliptic to oblanceolate or obo-

vate, usually constricted distally, tapering to the rounded or blunted

apices, the bases cuneate; upper surfaces of the blades bright glossy

green, the lower surfaces dull green, with prominent, often pubescent

midveins. Flowers very fragrant, solitary, axillary, on short, pubescent

pedicels, in bud enclosed by a single rufous-pubescent stipular bud scale;

tepals 6, subsimilar, creamy white, yellowish, often tinged brownish-pur-

pie, oblong-ovate, 1.8-2.5 cm. long; stamens 7-10 mm. l^ng, the con-

nectives produced into obsolete acute appendages or the appendages ab-

sent; gynoecia distinctly stipitate, the gynophore and 2-ovulate carpel^

pubescerrt. Fruit aggregates 2-4 cm. long, cylindric, usually asymmetncaJ

from seed abortion, the individual follicles free, dehiscing widely t^e

valves with short stylar beaks seeds 2 per M^^^^^

8-10 mm. long, the outer seed coats red. in - oo. v^<_
T,f^uJ;^

Lour.; Magnolia fuscata Andr.; Liriopsis juscata (Andr.) Spach; Mtchelta

fuscata (Andr.) Wall.) — Banana-shrub.

Native to southeastern China; known to be culUvated in our area at Co-

lonial Williamsburg, Virginia.
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Deciduous trees of sympodial growth, the grayish bark becoming fis-

sured into longitudinal platelets; young branchlets with septate pith;

winter buds obovoid, enclosed by 2 coherent stipules, the terminal buds

often mixed, containing a terminal ilower primordium subtended by one

or more axillary buds. Leaves alternate, long-petiolate, stipulate, the

stipules free from the petioles, large and conspicuous, caducous, leaving

annular scars at the nodes; leaf blades usually with a truncate or widely

emarginate apex and 1 or 2 lateral lobes on each side near the base.

Flowers odorless, appearing with the leaves, terminal, solitary. Perianth

of 9 segments, 3 reflexed sepals forming the outer whorl, the inner

6 petals in 2 whorls of 3, simulating a campanulate or tuliplike co-

rolla. Stamens numerous, spirally arranged, with stout filaments, the

linear anther sacs extrorsely dehiscent, the connectives produced into

apiculate appendages. Gynoecia sessile, of numerous spirally arranged, 2-

ovulate carpels densely imbricated on an elongate axis; styles elongate,

broad and flattened, constricted terminally into a small, ± recurved

stigma. Fruit a spindle-shaped, brown, conelike aggregate of free, tightly

imbricated, 2-seeded samaras deciduous at maturity, the floral axis per-

sistent. Seeds small, with a thin, dry, seed coat; embryo embedded in

endosperm. (Tulipifera Miller.) Type species: L. tulipijera L. (Name
from Greek lirion, lily, and dendron, tree, in reference to the lily- or tu-

liplike flowers.)

Two species, one of eastern North America, the second of China and

northern Indochina. Fossils indicate that the genus was widely distrib-

uted in temperate regions of the Northern Hemisphere during the Ter-

tiary period. Recently, hybrids between the two species have been ob-

tained as the results of intentional cross-pollinations (see F. S. Santa-

mour, Jr., 1971,1972).

Tulip tree, Liriodendron tulipijera. Morton Arb. Quart. 6: 14,

RRY, E. W. Tree ancestors— a glimpse into the past, vi -f 270 pp. frontisp.

Baltimore. 1923. [Liriodendron, pp. 171-180.]
VNER, F. T., & T. E. Russell. Liriodendron tulipifera L., yellow-poplar.

Pp. 508-511 in Seeds of woody plants in the United States, viii -f- 883 pp.

Agr. Handb. No. 450, U. S. D. A. Washington, D. C. 1974.

N. G.
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Key to the Species of Liriodend:

cium exserted from the perianth following anthesis 2. L. chitmise.

1. L. tulipifera Linnaeus, Sp. PI. 1: 535. 1753. Figure 6, h-s.

Large trees to 50 m. or rarely to 60 m., the bark becoming deeply fur-

rowed; branchlets ± stout, glabrous, brittle, reddish-brown and often ±
glaucous, becoming grayish, the periderm exfoliating in thin sheets. Pet-

ioles 5-10 cm. long, the large caducous stipules up to 3.5 cm. long; leaf

blades becoming golden yellow in fall, variable in outline, 7-12 cm. long,

usually saddle-shaped, with 2 pairs of lateral lobes near the base and

with 2 lobes distally, creating a ± truncate or shallowly emarginate apex,

the lobes usually ± rounded, the juvenile leaf blades deeply lobed half-

way or more to the middle; upper surfaces of the leaf blades bright

green, the lower pale green, faintly glaucescent. Flowers ± tulip-shaped,

the 3 outer sepals greenish, strongly reflexed, the inner 6 petals ± erect,

4-6 cm. long, 1.8-3 cm. wide, pale green, with an orange-colored band

near the base, the color strongest on the adaxial surfaces; stamens nu-

merous, usually included; filaments 10-15 mm. long, the anther sacs 15-

25 mm. long; gynoecia mostly included, the carpels numerous, pale yel-

lowish-green at anthesis. Fruit aggregates to 7 cm. long, the samaras

light brown, ca. 5 mm. wide, to 4.5 cm. long, with acute apices, the low-

ermost samaras often persistent on the floral axis through winter. 2n

~ 38. — Tulip-tree yellow-poplar, tulip-poplar.
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f, outline of typical leaf, X Vi\ g, outline of juvenile leaf, ,. ,„. „ _, _
lipifera: h, habit of flowering branchlet, X V2; i, petal showing band of orange
pigmentation, X ^; j, abaxial view of stamen, X 1%; k, flower with perianth
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Native to the deciduous forests of eastern North America from Massa-

chusetts, Vermont, and southern Ontario southward to eastern :Missouri,

Arkansas, Louisiana, and Florida. (See E. L. Little, Jr., Atlas U. S. Trees

1: Map 137-E. 197L)

Numerous variants of Liriodendron tulipifera have been recognized in

cultivation. Several variants which probably occur sporadically in nature

have also been given botanical names at the rank of variety or forma.

Most, however, have subsequently been treated as cultivars, and they

are listed as such below. However, should reference to these variants in

a botanical context be preferred or necessary, the equivalent botanical

names are given in parentheses. Among the variants are 'Aureomargina-

tum' (= L. tulipijera f. aureomarginatum Hort. ex Schelle in Beissner

et al., Laubh.-Ben. 101. 1903), plants with the leaf blades edged yellow

or greenish-yellow; 'Fastigiatum' (= L. tulipijera var. jastigiatum H.

Jager in Jager & Beissner, Ziergeh. ed. 2. 203. 1884; L. tulipijera f. jastt-

giatuni Schelle ex Schwerin, Mitt. Deutsch. Dendr. Ges. 1919: 140. 1919;

L. tulipijera f. jastigiatum Schelle, nomen nudum), erect trees of columnar

habit; 'Integrifolium' (= L. tulipijera f. integrijolium Kirchner in Pet-

zold & Kirchner, Arb. Muscav. 118. 1864, without indication of rank;

rank assigned by Schwerin, Mitt. Deutsch. Dendr. Ges. 1919: 140. 1919),

plants with the leaf blades lacking lower, lateral lobes; and 'Obtusilo-

bum' (= L. tulipijera var. obtusilobum Michx., Fl. Bor.-Am. 1: 326.

1803; L. tulipijera f. obtusilobum (Michx.) Schelle in Beissner et al,

Handb. Laubh.-Ben. 101. 1903), plants having leaf blades with one

rounded lobe at each side near the base. Additional cultivars of L. tuli-

pijera are listed and described in Bean (1973, p. 586) and Krussmami

(1960, p. 63).

2. L. chinense (Hemsley) Sargent, Trees & Shrubs 1
:
103.

^^^^^^^f'

Trees to ca. 16 m., similar in structure and appearance to Liriodendron

late; upper surfaces of the blades dark green, the l°^^^^"/^7,^J f^^^

cent. Flowers ± cup-shaped, the 3 outer sepals greenish, reflexed the

6 inner petals ± erect, 3-4 cm. long, glaucescent and green on the abaxial

surfaces, green with yellow veins on the adaxial surtaces, sian.t:

amens removed to show gynoecium, x
g stigma, X 6; m, conelike aggregate ot s;

Is as positioned in samara, X 3 ; p, q, r, oi

. shape, X M; s, outline of juvenUe leat,
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merous, about as long as the tepals, the filaments 5-7 mm. long, the an-

ther sacs 10-16 mm. long; gynoecia exserted at anthesis, the carpels nu-

merous, yellowish-green. Fruit aggregates to 9 cm. long, the light brown

samaras ca. 6 mm. wide, to 4 cm. long, the outer (lower) samaras usu-

ally with acute apices, the inner (upper) samaras with acute or usu-

ally obtuse apices. 2n = 38. {L. tuUpijera var. ? chinense Hemsley; L.

tulipijera var. sinensis Diels.) — Chinese tulip-tree.

Native to China and Indochina. Recent distribution records (see C.

Y. Wu & W. T. Wang, Acta Phytotax. Sinica 6: 183-254. pis. 45-50.

1957) indicate its occurrence in Anhwei, Kiangsi, Fukien, Hupeh, Szech-

wan, Kweichow, Kwangsi, and Yunnan provinces, China, and in Chapa,

Vietnam,
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THE MONTANE FORESTS AND SOILS OF JAMAICA:

A REASSESSMENT

P. J. Grubb and E. V. J. Tanner

When Forrest Shreve published his account of the forests of the

Blue Mountains of Jamaica in 1914, it represented a landmark in the

study of forests on tropical mountains. His detailed fioristic and eco-

logical account brought out the differences between ridges, slopes, and

gullies and between windward and leeward sides of the range. He con-

sidered the forests particularly in relation to water supply, made com-

parative microclimatic records, and carried out simple experiments on

certain species characteristic of ridge or gully sites. No detailed study

of the forests has been made since his time, and nothmg substantially

new was added to his account of the Blue Mountain forests by Asprey

and Robbins (1953) in their synopsis of the vegetation of the whole

'^

S^nce Shreve's time, descriptions of the forests on many tropical moun-

tains have been published, and it has been found possible to assign most

of the forests to a small number of formation types on the basis of struc-

ture and physiognomy (cf. Table 1). The emphasis m interpretation

of the factors limiting the distributions of forest types has moved away

from almost exclusive reference to temperature and water relations, while

the role played by differepces in mineral supply has come to be appre-

ciated more fully.

In the present paper \
: forests of the Blue :^Ioun-

tains and other major ranges in Jamaica fit into the world picture <

formation types, and we will attempt to relate different torest types ..

different soil types. From the mountains of the Caribbean the forma ion

of mor humus 1 will be described for the first time, as wel a. a disUnc

forest type that is associated with mor. Information from toliar analyses

will also be used as a basis for discussion of the mineral factors limiting

distributions. , , u *u ^t

This paper is based primarily on a reconnaissance made by bo h ot

us in December, 1973, in the Blue Mountains and Port Royal Mountains

but it incorporates some information gained by one of us (fc.
• J- )

during a year's detailed study of some of the sites visited tnen^

includes the results of two reconnaissance trips by one ot us (i^. v
.
j. •;

to the John Crow Mountains in January and March ot iv/^.

^Mor humus is defined as humus which rests on
*^.^^°P^^^^;,J'^(pXps Xay")
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25-45 (-67) m. 15-33 (-45) m. 1.5-18(-26) m.

Mesophyll Notophyll

or Mesophyll

Microphyll

Usually

frequent

and large

':::iri2
Usually none

Thick-stemmed Thick-stemmed Usually very few Very few

woody species woody species

frequent usually none;

often frequent

Frequent Abmidant Frequent Occasional

em of Richards (1952), variously revised up to the time of

STUDY AREAS

The Blue Mountains. These run from east to west in the eastern

part of Jamaica (Figure 1) and rise to 2265 meters. We studied two
areas famihar to Shreve, that at about 1500 to 1600 meters west of

Morce's Gap (northwest of Cinchona) and that above 1600 meters along
the main route to the highest summit, Blue Mountain Peak, via Port-

land Gap (Figure 1). The geology of the range is complex, including

granodiorite, "Blue Mountain Volcanics," "Blue Mountain Shales" (mud-
stones, sandstones, and conglomerates), and massive Eocene limestone in

the first of the areas, and "Blue Mountain Volcanics" and "Shales" in

the second (unpublished provisional map of Jamaican Geological Sur-

vey). According to Shreve, the annual rainfall is about 3300 mm. at sea

level on the north side of the range, about 4270 mm. on Blue Mountain
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Peak, about 2690 mm. at Cinchona (1500 m. alt.) on the south side, and

about 2890 mm. at New Haven Gap at 1705 meters on the main divide.

The rainfall is markedly seasonal and the wettest months are August to

December and May to June. The northern slopes are windward to the

North East Trade Winds, and there is a marked rain shadow effect on

the southern slopes. The northern slopes, which are much more often in

cloud, are still largely forested. However, the drier and sunnier southern

slopes were extensively cleared for the planting of coffee in the past

(though they are mostly used for subsistence farming now), and only

small patches of disturbed forest remain. Pinus caribaea IMorelet - has

been planted extensively by the Forest Department in certain areas (e.g.,

west of Cinchona), while scattered groves of Eucalyptus species also con-

tribute significantly to the overall appearance.

Many plants have been introduced at the Botanic Garden at Cinchona,

but few have spread for any distance into the indigenous communities.

Hedychium gardneranum (from the Himalayas) is frequent along the

trail to Morce's Gap on wetter slopes and in gullies. Quinine trees (Cin-

chona pubescens, C. officinalis, and hybrids), introduced from Peru, have

spread into patches of relatively undisturbed Dry Slope forest along the

track to Morce's Gap. Pittosporum undulatum (from southeast Aus-

tralia) is very frequent as an established tree along the trail to IMorce's

Gap, and many seedlings were found on the trail to the north of the

Gap on the windward slope. This species also invades the apparently

undisturbed forest well away from the track; saplings were found in all

four major forest types on the ridge leading to John Crow Peak. Copious

seed is produced by plants along the track, and in a simple test it was

found that 100 per cent germinated within 46 days.

The Port Royal IMountains. These run from northwest to southeast

between the Blue Mountains and Kingston (Figure 1). We studied only

Mt. Horeb (about 1450 meters), a "hogs back" ridge composed chiefly

of "Newcastle Volcanics." The rainfall in this area is m the range of

1500 to 2500 mm. (Asprey & Robbins, 1953). The forest at the western

end of Mt. Horeb is particularly interesting, because it is very frequent-

ly shrouded in clouds which roll around the western end of the Blue

Mountains and on to Hardwar Gap on the western side of Mt. Horeb.

The John Crow Mountains. These run approximately north-south in

the easternmost part of the island (Figure 1). They rise to 1100 r—
and consist of tilted massive Eocene or Miocene lime"^-

face on the western side. Ascents of the western sid

a ridge from Corn Puss Gap (at about 650 meters) up t

There is no track, and the climb was made through conti

The forest decreases in height steadily with the increase i

above about 950 meters a marked break was found, with the
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ing distinctly steeper and more rugged. A closed canopy composed of trees

rooted in the deep grykes ^ occurs between the huge outcroppmg rocks. The

annual rainfall is said to be over 2500 mm. throughout the area, certamly

over 5000 mm. at the northern end of the range and possibly over 7500

mm. (Asprey & Robbins, 1953). There are also said to be few ram-free

days (C. D. Adams & G. R. Proctor, pers. comm.).

FOREST AND SOIL TYPES RECOGNIZED

Altogether ten forest types have been recognized (the names of which

are also used here to designate soil types).

1. MoR Ridge forest. Characteristic of knolls on ridges; known only

between Morce's Gap and Silver Hill Peak.

2. Mull Ridge forest. Widespread in the Blue Mountains up to about

1850 meters.
, ,

. ,v,^

3. Wet Slope forest. Very extensive on the northern slopes o the

Blue Mountains; also found just over the divide on the southern

side (clouds frequently roll just over the edge from the windward

side and then disappear) ; also present on the northern slopes of the

Port Royal Mountains. . ,

4. Gully forest. Widespread on northern and southern sides of the

Blue Mountains up to about 1750 meters.

5 Very Wet Ridge forest. Known only from the frequently fogged

end of Mt. Horeb in the Port Roy^\ ^^^^^^^^
. , ^^ ^ove about

6. High Altitude forest. Found on slopes and ridges above aDou

1850 meters on Blue Mountain Peak; probably also on the other

7. DfYlL^E^Lest. Widespread on the southern slopes of the Blue

s. r"S;ESTo.E scrub
-^^-^-zi^^ij::^^^^:':!:^

sected limestone outcrop at 1750 to isuu meteib

side of John Crow Peak in theBlue^Iountains^^

CPG == Corn Puss Gap, MR = Main Ridge (>
^^^^J^;/ .q ft (1220 m.),

of Port Royal and Blue Mountain ranges with areas a«ov
^ ^p

5000 ft. (1525 m.), 6000 ft. (1830 m.) and ^^It-^^Xine's Peak; HG =

S^?ilv^r\ni ^iak^lfp ^lirjotXT; wT^ wUeld Hall.) Based on

the Ordnance Survey of Jamaica (1970).
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9. Wet Limestone forest (lower) and (1

(upper). Studied at 770 to 950 meters ir

and probably widespread there.

The topographical distribution of types 1 to 4 and type 8 on the ridge

from IMorce's Gap to John Crow Peak is shown in Figure 2.

Shreve did not report on the Port Royal or John Crow Mountains.

His account of the forests in the Blue Mountains is in close agreement

with ours in respect to the Wet Slope, Dry Slope, and Gully forests,

and it is in reasonable agreement with ours concerning the High Alti-

tude forest and Dry Limestone scrub forest. However, we present here

a strongly revised assessment of the Ridge forests; Shreve appears to have

overlooked the development of mor humus on certain ridge sites.

During our study of the Blue Mountain forests, we found most of

the tree, shrub, and climbing species mentioned by Shreve, although we
missed a few recorded only at or near Blue Mountain Peak or only in

windward ravines, a habitat which we did not have time to study. We
saw only one specimen of Citharexylum caudatum (in Mull Ridge for-

est next to the track at Morce's Gap), which Shreve noted to be a species

of leeward (i.e. dry) slopes. We did not find Eugenia harrisii or Myrci-
anthes {Eugenia) jragrans (although we recorded E. monticola and E.

virgultosa)
;
nor did we find Miconia rubens or Psychotria "brownei" (al-

though we did find M. theaezans and P. sloanei). In addition, we re-

corded a few more species missed by Shreve: Calyptranthes rigida, Cono-
stegia montana, Haenianthus incrassatus, Ilex harrisii and /. sideroxy-
loides (both close to /. macfadyenii = "I. montana" of Shreve), and
Mayte)

DESCRIPTIONS OF THE SOIL TYPES
In the Blue Mountains the soils occupying the greatest area are those

of the Wet Slope and Dry Slope forests, and the next most widespread
are those of the Mull Ridge and Gully forests. These all have a mod-
erate organic matter content; on the slopes (but not on the ridges or in

the gullies) there are frequent stones close to the surface and occasionally
quite large rocks. All of these soils are freely drained. During a year's

study no standing water was ever seen and no water table encountered.
Streams are not seen much above an altitude of 1200 meters in the drier

months in the Cinchona area, but they reach up to 1500 meters in wet
spells. No marked differences were found between soils derived from
"shale" and volcanic formations or granodiorite. Earthworms and ants

appeared to be very rare— just one earthworm was seen (in a Gully
forest soil). Cockroaches are frequent and may be important in the

breakdown of litter (cf. Murphy, 1973). Other mesofauna (centipedes,
millipedes, termites, etc.) were not recorded. Burrow
gooses and rats) are occasional.



-John Crow Peak with tall forest (1725 m)

Dissected area with Dry Limestone scrub-forest

- Forest on flushed slope

Morces Gap (1500m)

Wet Slope forest Mor Ridge forest Mull Ridge forest ^ Gully forest(i

^^n
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The following is a generalized profile of a Wet Slope forest soil.

Aoo 5/1-0 cm. Discontinuous litter (L) layer; F
layer very thin.

A 0-10 cm. Brown clay-loam with stones. Not
obviously or markedly enriched in

organic matter. Fine roots abundant.

pH 4.0-4.5.^ Loss-on-ignition (48 h

at 375°) about 16 per cent dry

weight.

B 10-30 cm. + Yellowish clay with abundant stones

and large rocks which are so dense

that it is difficult to dig below 30 cm.

The Wet Slope forest soils are clearly immature and are probably best

classified as lithosols.

No detailed study was made of the Dry Slope forest soils, but they

resemble the Wet Slope soils in general character.

A generalized profile of a Mull Ridge forest soil is as follows.

Aoo 2/1-0 cm. Continuous Htter (L) layer; Flayer

very thin.

All 0-5/10 cm. Dark brown clay-loam with poorly

developed crumb structure; cannot be

molded into a ball with the fingers.

Fine roots abundant; few at surface.

pH 3.5-4.0. Loss-on-ignition ca. 36

Ai2 5/10-20 cm. Brown clay-loam with less organic

matter and poorer structure. Color

and texture like "A" horizon of slope

soils. Roots fewer and larger. pH
3.9-4.6.

B 20-80 cm. + Yellowish clay which can just be

molded into a ball. Becomes paler

with depth, with increasing numbers

of rock fragments. Few roots below

30 cm. pH ca. 4.5-6.0.

The Mull Ridge forest soils have developed to a stage more mature
than that of a lithosol, but in the absence of mineralogical data it is not

possible to classify them. However, they are in several respects like the

base-poor brown earths and brown podzolic soils of the North Temperate

*A11 pH values reported in this paper are based on measurements made elec-

trometrically on soil samples brought to a paste with distilled water. All pH values
quoted from other papers without comment are based on some sort of measurement
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The Gully forest soils differ from the Mull Ridge forest so

discontinuous litter cover, lesser organic enrichment of the mi

soil, and higher pH. A generalized profile is as follows.

All 0-(l/3)cm. Dark brown clay-loam with poor

crumb structure. Fine roots abun-

dant. pH 4.4-5.0 (-6.2). No sharp

boundary to Aio.

Ai2 (1/3)- (10) cm. Brown clay-loam with still poorer

crumb structure. Fine roots abundant.

No sharp boundary to B. pH 4.5-

4.9. Loss-on-ignition for soil at 0-10

B (10)-70/100 cm. -f-
Yellow brown clay becoming slightly

paler below. Few roots below 25

cm. pH 4.5-6.0.

Tvluch more restricted in distribution are the Mor Ridge forest soils.

These differ from the Mull Ridge forest soils in an opposite way from

the Gully forest soils, having a very deep and almost wholly organic

H layer and a lower pH. A generalized profile is as follows.

Aoo 1-2 cm. thick. Litter (L) layer continuous

Ao 20-50 cm. thick. Deep reddish brown, mmutely gran-

ular, not coherent, not greasy; leaf

fragments and living roots through-

out. The lowest 10 cm. have a min-

eral component. pH 2.8-3.5 (-3.8).

No regular change in pH with depth.

F and H layers not distinct. Loss-

on-ignition ca. 96 per cent.

?B Up to at least Abrupt transition (1-2 cm. deep) to

100 cm. thick. yellowish clay which is sticky and

can be molded. Almost no roots.

Rock fragments at base. Generally

no eluviated or cemented horizons.

An A, layer (pale gray-brown clay,

2-3 cm. thick) and a B„ layer

(black-brown, cemented 1 cm. thick)

were detected once but not refound.

pH 4.5 (3 samples).

There appeared to be no mesofauna in the mor. However the burrows

of rats are quite common and mongooses are also present. Ihe rats aiso
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The fully developed mor profile is easy to detect, because the soil is

distinctly springy to walk on. However, many sites were found with

early stages of mor development, indicating a continuum with the Mull
Ridge forest soils. Since there is no regular evidence of eluviated or very

markedly illuviated horizons, the soils cannot be classified as podzols,

and there is indeed no generally recognized world group of soils to which

they can be assigned.

The mor humus might be termed peat by a casual observer. How-

ever, for a number of reasons presented in the discussion, we believe that

this designation would be incorrect.

The Very Wet Ridge forest soil on IMt. Horeb is quite unlike the

Mor Ridge forest soil and is indeed more like the Gully soil type by

virtue of its having only the top 1 to 2 cm. of the mineral soil markedly

humus-enriched, dark brown, and with a strong crumb structure (pH

4.2). This soil differs from the Gully forest soil in its 100 per cent

litter cover. Below the humus-enriched layer the soil is first midbrown

with much weaker crumb structure (pH 4.5), then paler and yellowish

(pH 4.8).

The High Altitude forest soils studied were all on steep slopes or on

the top of a knife-edge ridge. In general character they resemble the

Wet Slope forest soils. However, they vary a good deal in depth and in

the apparent degree of enrichment with humus; above 2000 meters the

soils derived from shales appeared to have a more marked crumb struc-

ture than those derived from tuffs. One earthworm was seen. The pH
at to 3 cm. and at 8 to 10 cm. is generally 4.1-5.9 (mean 4.8 at to 3

cm., 5.0 at 8 to 10 cm., 14 sites recorded).

The Wet Limestone forest soils of the John Crown Mountains con-

sist of sticky yellowish-brown clays 20 to 30 (to 50) cm. deep. There

is a continuous litter cover, and the upper 10 cm. of the mineral soil are

clearly enriched with humus (loss-on-ignition 17 to 37 per cent). The
profile is heavily leached, since the pH throughout is 4.5-4.8, and it thus

resembles that reported by Asprey and Robbins (1953, p. 387) from the

bauxite areas developed over limestone farther west. Very surprisingly,

in view of the present climate, the soil seems more similar to a Terra

Fusca than to a Rendzina.

The soil of the Dry Limestone scrub forest on the southeast slope of

John Crow Peak, just below the summit, differs from that just described

in its color (reddish-brown), in its lack of any obvious humus enrich-

ment, in its being less leached (pH 6.4-6.8), and in its being generally

shallower, most often 3 to 4 cm. deep (0 to 12 cm. in extremes). In ad-

dition, it has a marked clay-loam texture and a weak crumb structure.

The litter layer is thin and discontinuous except under the denser stands

of the bamboo Chusquea abietijolia. The obvious affinity of the soil is

with the Terra Rossas.

We may summarize the salient points about the several soil types as

follows. The Slope forest soils, whether wet or dry and whether at high

altitudes or low, are lithosols moderately to strongly acid at the surface
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(pH mostly 4.0-S.S), while the more stable soils of the Mull Ridge

forest (at least in the ^lorce's Gap area) are deeper, less ston}^, and more

mature, with a distinct accumulation of humus in the top 10 cm. and a

surface pH of 3.5-4.0. The end point in this leaching series is found in

the 3kIoR Ridge forest soils of knolls on the ridges where an H layer up

to 50 cm. thick is found,, and the pH throughout is 2.8-3.5 (-3.8). The

Gully forest soils are also deeper and less stony than the Slope soils,

but they have a discontinuous litter layer, and obvious humus enrich-

ment extends to a depth of only 1 to 3 cm. (pH 4.4-5.0). The Very

Wet Ridge forest soil on IMt. Horeb is much more like the Gully for-

est soil than the :\Ior Ridge forest soil but is a little more acid (topsoil pH
4.2). The Wet Limestone forest soils are highly leached, moderately

rich in organic matter, and in the same pH range as lithosols on nonlime-

stone rocks. The Dry Limestone scrub forest soil is much shallower

than that of the Wet Limestone forest, redder, and much less leached

(pH 6.4-6.8); it also has a more loamy texture.

DESCRIPTIONS OF THE FOREST TYPES

The following account is of a preliminary nature and much further re-

search needs to be done. A quantitative analysis of the composition and

dynamics of the first four forest types listed in Table 2 will be given in

a later publication.

It is convenient to deal with the forests in a somewhat different order

from the soils, beginning with one of the types poorest in species.

MoR Ridge forest. This has a rather open canopy (4 to) 5 to 7 meters

tall, made up of trees of small girth (mostly less than 30 cm. DBH).

Almost all of the larger trees are leaning, apparently because of the poor

support offered by the deep humus layer in which nearly all of the roo^

occur. The trees presumably develop their crowns a little unevenly and,

when these become heavy, the roots fail to provide the resistance to dis-

placement that is provided by roots in a f^rm, mineral soil. The trees in

the MoR Ridge forest lean in all directions, and windthrow does not seem

to be involved. (It is significant that few of the trees in the Mull Ridge

forest lean over.) Sixteen dicotyledonous tree species were recorded

(Table 2), three of them only once. Tree ferns are much less common and

smaller than in the other forest types in the area— only two species

are present (Table 3). The shrub layer is very poorly developed and

contains only two species (both melastomes) ;
Blakea trinervta is a scram-

bling species up to 4 meters tall, while Miconia rigida is upright and grows

"^Thrdicotykdonous tree species fall into two main groups, tJhe "core^

species found in gullies and on slopes, as well as on ridges, and a group

confined to ridges and slopes (Table 2). None were found to be ex-

clusive to MoR Ridge forest in the Morce's Gap area, however as

shown in Table 3, the two tree ferns and the two shrubs are exclusive
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Figure 3. Mor Ridge forest. Scale pole marked in feet. Sapling on left is

Lyonia cf. octandra. Most bromeliads are Tillandsia complanata or Vriesta

sintenisii; the one in flower is Vriesia sintenisii. February, 1975. Photo by E. V.

J. Tanner.

to IVToR Ridge forest in this area; Blakea trtnervia is often epiphytic

elsewhere, and Miconia rigida is found elsewhere in Very Wet Ridge

forest and in High Altitude forest.

About half the "herb layer" (0 to 50 cm.), in terms of individuals, is

made up of tree seedlings, and there are few herbaceous, regularly ground-

dwelling species (Table 3). By far the most abundant are Elaphoglossum

latijolium and Peperomia cf. clusiifolia, both somewhat succulent. In ad-

dition, it is characteristic of this forest type that several primarily epi-

phytic species are frequently found growing on the forest floor: the woody

scrambler Columnea hirsuta (Gesneriaceae) and the orchids Dichaea
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Table 2. Trees (other than tree ferns) present in various forest types

in the Blue Mounnins, Port Royal Mountains, and John Crow Mounnins {contimied) .'
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Piper fadyenii or P. hispidum

Tournefortia glabra

Cephaelis eiata

Lobelia martagon (WH^)

Baccharis scoparia

Bocconia frutescens (WRt)

Satureja viminea

Vernonia divaricata

Verbesina nervosa

Mecranium virgahmi

Neea nigricans

Psychotria joetida

P. uliginosa

Wallenia subverticillata

Conostegia pyxidata

Gesneria calycina

Gleichenia bancioitu

Liparis neuroglossa

Peperomm ct rltaiitolia

Polysticliopsi% dejiticulata

Polypodiiim loreiim

Trtchomanes rob usturn
Bledmum striatum

Ervthrodes planta\^mea
Gtsntria mimuloides
Liabum umbdlatum

Rhvnchospora polyp/iylla



riiim scandens

I as an epiphyte.

/ebb (1959). Le ^ leptophyll; Na = nanophyll; Mi == mien
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glauca, Dilomilis montana (Sw.) Summerh. (= Octadesmia montana

(Sw.) Bentham), Pleurothallis oblongifolia, Stelis micrantha, and S. tri-

goniflora (Sw.) Garay & Sweet (= S. ophioglossoides (Jacq.) Sw.)- Hum-

mocks of the moss Leucobryum giganteum CM. 5 to 20 cm. across are

frequent. However, Sphagnum is absent from Mor Ridge forest in the

Morce's Gap area. In the Blue Mountains and Port Royal Mountains

Sphagnum is generally a weed of paths, but it was seen once in apparently

undisturbed Mor Ridge forest— on Silver Hill Peak about 1 km. west of

John Crow Peak (obs. E. V. J. T.).

Climbers and scramblers are uncommon and all thin-stemmed. Only

four species are found (Table 3), and of these Anthurmm scandens is by

far the commonest, creeping on the forest floor as often as up the trunks.

The bamboo Chusquea abietijoUa is absent.

Vascular epiphytes are very frequent. Bromeliads are particularly

prominent (mostly Tillandsia complanata and Vricsia sintenisii, with some

Vriesia incurva and a single plant of Guzmania jawcettii). Orchids are

also very common (the five species listed above plus Epidendrum ramo-

sum, E. repens, Jacquiniella teretijolia, and Lepanthes ovalis). So are

the ferns, the most abundant (Hymenophyllum polyanthos and H. seri-

ceum) being filmy and the others (Grammitis curvata (Sw.) Chmg, G.

graminea, and G. trichomanoides) mostly small-fronded. Polypodtum

loreum is occasionally epiphytic, Lycopodium taxifolium is rare, and Co-

lumnea hirsuta is occasional. Epiphytic bryophytes are common, but the

degree of "mossing" is not very marked; the bryophyte cover on the

trunks is never more than 50 per cent and usually less than 20 per cent.

Epiphylls are rare. The lichen Usma is common in the crowns.

Hemiparasites were not obvious from the ground, but when trees were

felled for biomass estimation, they were found to be frequent, apparently

especially on Lyonia. The species involved were Dendropemon parvijoLtus,

Dendrophthora opuntioides (by far the commonest), and Eubrachton

ambiguum. No parasitic or saprophytic vascular plants were seen m the

herb layer. . ,

There are no buttresses on the trees, no cauliflorous spec.es and no

leaves with drip-tips. Compound leaves are seen only on Schefflera ^n^

the tree ferns. The leaf-size spectrum of the trees and shrubs (exc ud-

ing the tree ferns and the three species represented by only one mature

individual each) is shown in Table 4; microphylls and notophylls are

most abundant. As in many other low-stature forests on tropical moun-

tains, the leaves of the trees and shrubs are mostly thick and more or less

coriaceous (cf. Howard, 1968; Grubb, 1974).
_^ ^ ^^ ^^ ^^^ ^^

Fully developed Mor Ridge forest has
'

V. J. T.) on several knolls along the ridg(

Crow Peak to Silver Hill Peak. In addition, many 5

show stages in the development of mor.

Mull Ridge and Wet Slope forests. These two J^rest types are very

similar and are treated together here. They differ from the Mor Ridge

from Morce's Gap <

along this ridge
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Figure 4. Mull B „ _

Srln%^? S^^r^ar^l?7fmio by E: V. J.
Tanner,

forest type in being taller (8 to 13 meters), in having a closed canopy,

and in having many fewer epiphytes, both vascular and n^^n^'^-'^^"'^^'

The trees in the Si^pe forest are generally taller and frequently lean

downhill. On the ridge tops there are occasional trees ot '^rger g

{Cyrilla racemiftora to more than 70 cm. DBH, Lyoma cf. jamaKcnsts

to more than 45 cm. DBII, and Podocarpus urbanii Pilger to more than

50 cm. DBH); such trees also occur less frequently on the slopes. The

Mull Rioge forest is notably easier to walk through tt^a"/^^J^^««

RIDGE forest because of the general lack of leanmg ^^ees and the g eate

height to the first branch on most trees. There are a
"^"fj^^f.^f "^^^^^^

of dicotyledonous tree species present -47 were recorded, although of
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Figure 5. Wet Slope forest. Scale pole marked in feet. Trunk arching over

pole is of Cyrilla racemiflora. Upright trunk on left is of Clethra occidentalis;

trunk with protuberances at top right is of Hedyosmum arborescens. Tree fern

in foreground is Cyathea piibescens (always short-stemmed on slope). February,

1975. Photo by E. V. J. Tanner,

these 12 were represented by only very few individuals (Table 2). Sev-

eral of the trees absent from the Mor Ridge forest (Table 2) are fre-

quent in the Mull Ridge and Wet Slope forests, e.g. Calyptranthes ri-

gida, Dendropanax "pendulus" '> Eugenia spp., and Hedyosmum arbores-

cens. Tree ferns are much more numerous, taller, and attain greater

girths; the species are quite different (Table 3).
There is a well-developed though discontinuous shrub layer about 2

to 3 meters tall, containing seven species (Table 3) but composed chiefly

^Possibly including some D. nutans.
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species present in the latter forest occur, in addition to quite a number
of others (Table 3). The most frequent are the terrestrial orchids {Ery-

throdes plantaginea and Prescottia stachyodes). The hummock moss Leu-

cobryum is decidedly less common than in the Mor Ridge forest.

The climbers and scramblers are few in number (Table 3), and all are

thin-stemmed. The bamboo Chusquea abietifolia is only occasional, but

it forms localized, impenetrable thickets. The vascular epiphytic species

are much as in the Mor Ridge forest, although Columnea hirsuta is gen-

erally absent, while the bromeliad Hohenbergia jawcettii is present but

rare. In addition, Peperomia cf. clusiifolia occurs here occasionally as

an epiphyte. No critical observations were made on the hemiparasites;

Phoradendron flavens was seen in the Mull Ridge forest on the ascent

of Blue Mountain Peak but not in the Morce's Gap area.

As in the Mor Ridge forest, the trees have no buttresses and there are

no cauliilorous species. Only two species represented by more than a

very few individuals have drip-tips [Dendropanax "pendulus" and Eugenia

virgultosa), and only two have compound leaves {Guarea swartzii and

Schefflera sciadophyllum). The leaf-size spectrum of the trees and shrubs

(excluding the tree ferns and the species represented by very few indi-

viduals) is similar to that in the Mor Ridge forest (Table 4). However,

the average leaf texture is decidedly less coriaceous.

The Mull Ridge— Wet Slope forest is certainly worthy of recogni-

tion as a separate association from the Mor Ridge forest, since it con-

tains many more species, including trees, shrubs, and herbs. We agree

with Asprey and Robbins (1953) that this forest type (their "Montane

Mist" forest) appears to be rather uniform floristically over wide areas,

but we cannot agree with their statement (1953, p. 400) that "the dom-

inants are Podocarpus urbanii and Cyrilla racemifiora." Dominance, in

fact, seems to be shared by three, four, or five species at any one site,

and it is perhaps unfortunate that Asprey and Robbins called this forest

type the ''Podocarpus-Cyrilla association."

Gully forest. Our impression of this forest type in the Cinchona-

Morce's Gap-John Crow Peak area and the Portland Gap-Blue Moun-

tain Peak area agrees closely with the description given by Shreve. Thf

Gully forest differs from those so far considered in its greater

(12 to 18 meters), much taller boles, and fairly frequent buttresses ^u.»

meters high), as well as in the presence of the woody liana Marcgravia

brownei, which develops stems 3 cm. thick and climbs high into the

canopy. The mean girth of the trees is certainly greater than on the

slopes and ridges, but it seems that few trees (mostly Solanum pmctula-

turn) exceed 40 cm. DBH. Twenty-six dicotyledonous tree species and

four species of tree fern were recorded, all of them represented by many

individuals. Floristically the forest is quite distinct from that on slopes

and ridges, despite the occurrence of the six "core" species and many



Figure 6. Gap forest (uppermost end of Gully forest). Scale pole marked in

feet. Tree on right with buttresses is Clethra occidentalis; seedling in front of

it is Eugenia virgiiltosa. All tree ferns are Cyathea pubescens. February, 1975.

Photo by E. \'.
J. Tanner.

of the species of Mull Ridge— Wet Slope forest (cf. Tables 2 and 3).

All of the MoR Ridge species of trees (Table 2) are absent, while there

are five species decidedly more common in gullies than on slopes and
ridges and quite absent from mor sites. Of these latter species, three

{Laplacea haematoxylon, Solanum punctulatum, and Turpinia occidental-

is) are able to grow 15 to 18 meters tall, and these contribute significant-

ly to the structure of the forest, especially the Solanum.
The shrub layer is similar to that in the Mull Ridge— Wet Slope

forest but includes much more Besleria lutea and one additional frequent

species, Boehmeria caudata. Isolated individuals of four more species
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were seen (cf. Table 3); two of them, Datura suaveolens and Tourne-

fortia glabra, are more often seen in the mountains as weeds (C. D.

Adams, pers. comm.). Compared with the shrub layer, the herb layer

contains relatively more species absent from the Mull Ridge— Wet
Slope forest and lacks more species widespread in the latter forest type

(cf. Table 3).

The climbers are much as in the Mull Ridge— Wet Slope forest

(with the addition of Marcgravia brownei). The same appeared to be

true of the vascular epiphytes in the sites which we studied, although

it appears from Shreve's account (pp. 38-41) that there are several ad-

ditional species on the lower parts of the boles in many windward ravines.

Certainly the growth of epiphytic bryophytes is appreciably greater in

the more sheltered gullies.

The forest resembles the forests on slopes and ridges in its lack of cauli-

flory and paucity of species with compound leaves or drip-tips. The leaf-

size spectrum shows a somewhat greater development of notophylls rela-

tive to microphylls (Table 4).

Very Wet Ridge forest. Structurally and floristically this forest on Mt.

Horeb is very like the Mull Ridge— Wet Slope forest of the Blue

Mountains. The floristic resemblance is shown for the trees in Table 2

and for the shrubs, herbs, and climbers in Table 3. The forest differs

in the greater abundance of epiphytic bryophytes (the cover on trunks

is generally SO per cent and may add 20 per cent to the apparent DBH)
and in the abundance of the small-fronded Selaginella denudata on the

forest floor. It also differs in the abundance of large bromeliads on the

bigger, older trees. The commoner species of the IVIorce's Gap area {Til-

landsia complanata and Vriesia sintenisii) are present, but the species

less common there {Hohenbergia jawcettii and Vriesia incurva) were not

seen on Mt. Horeb. The most abundant (and also the largest) species

on Mt. Horeb {Guzmania jawcettii) was found only once near Morce's

Gap. A further indicator of wetness is the presence of the shrub

Cephaelis elata, common in the Wet Limestone forest and typical of

"sheltered jacies of montane woodland" according to Adams (1972).

This forest would perhaps best be classified as a distinct jacies of the

Mull Ridge— Wet Slope association.

High Altitude forest. This was visited only once, and our account is

therefore less reliable than that for the other forest types. It is generally

3 to 6 meters tall, but reduced to 1.5 to 2.0 meters toward the summit

of Blue Mountain (over 2000 meters). The trees are generally upright.

On a few north-facing cliffs and on certain ridges we noticed severe wind-

pruning of trees and shrubs, at least some of which had smaller and

thicker leaves than usual." However, most of the dwarfed forest, in-

cluding that near the summit, shows no sign of wind-pruning. Twenty-
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three species of trees were recorded, including two tree ferns; nine were

recorded as very rare, mostly found near the lower limit of the forest

type. The species present are an interesting mixture (Table 2). Of the

six "core" species of lower altitudes only three are present; of the ten

ridge and slope species of lower altitudes only two are present other than

as rare isolated individuals; and of the 23 ridge, slope, and gully species

only one occurs. Of the five gully species only one is present. The three

tree species confined to the High Altitude forest all have leaves which

represent types characteristic of Subalpine forest on the high equatorial

mountains: close-packed glabrous nanophylls in Eugenia alpina, densely

hairy mesophylls in Clethra alexandri, and densely hairy macrophylls in

It is interesting that several Dry Slope forest species are found in the

High Altitude forest, some of them (Garrya fadyenii, Viburnum al-

pinum, and V. villosum) repeatedly and others (Brunellia comocladii-

folia, Miconia quadrangularis , Myrica cerifera, Rhamnus sphaerospermus,

and Weinmannia pinnata) only as isolated individuals. Adams (1972)

also records that Myrsine coriacea ascends as far as the top of Blue

Mountain. All of these species occur in spite of the undoubted fact that the

High Altitude forest is fogged for much longer periods than the Mull
Ridge forest of lower altitudes, where they do not normally occur. The
high altitude slopes concerned have undoubtedly been disturbed to some

extent as a result of their proximity to the long-used track to Blue Moun-
tain Peak, but it seems most unlikely that the Dry Slope forest species

have gained entrance to the community purely as a result of disturbance.

The shrubs show a similar pattern of development, with few of the

species of moist forests at lower altitudes present (Table 3) and at least

four of the species which are found in Dry Slope forest or Dry Lime-
stone scrub forest at lower altitudes. The one apparently obligate High
Altitude "shrub" (really a woody herb), Lobelia martagon, again rep-

resents a life form characteristic of the Subalpine Zone on equatorial

mountains. However, it should be noted that it is sometimes found be-

low 1850 meters, even as low as 750 meters on occasion (Adams, 1972).

Lobelia alticaulis, similarly woody but virtually unbranched, is found in

the John Crow Mountains at 600 to 750 meters (Adams, 1972).

The High Altitude forest is deficient in tree ferns (no material of

those present was collected), herbs, and climbers (Table 3). Chusquea
and bracken {Pteridium aquilinum) are occasional, and a large-fronded

species of Gleichenia (not collected) is locally abundant. Vascular epi-

phytes and hemiparasites are very few. "Mossing" is about the same as in

the Mull Ridge forest or less marked, except on certain north-facing

slopes, where it is very obvious.

The leaf-size spectrum of the trees and shrubs (other than tree ferns

and very rare species) shows a very wide spread (Table 4). Only two

species, Schefflera sciadophyllum and Weinmannia pinnata (both very

rare), have compound leaves, although two others, Bocconia jrutescens

and Senecio swartzianus , have deeply dissected leaves. Only one species,
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The vegetation around the summit of Blue Mountain has been very

severely disturbed. However, about 100 meters to the east, on a flat area

of 1 to 2 hectares, there is a distinct jacies of the High Altitude forest

which does not appear to have suffered much human interference, unless

it was by fire at some time in the distant past. Clethra alexandn (2 (to

2.5) meters tall) is the most abundant tree, followed by Eugenia alpina,

then Dendropanax "nutans", Ilex macjadyenii, Vaccinium meridionals,

and Viburnum alpinum or villosum (all of which are occasional), and finally

Podocarpus urbanii and Cyathea sp. (both rare). There are two occasional

shrubs, Eupatorium parviflorum and Wallenia sp. The tall woody herb

Lobelia martagon is frequent and contributes significantly to the physiog-

nomy of the community. In the herb layer Rhynchospora eggersiana

is frequent, Blechnum sp. and Lophosoria quadripinnata are occasional

(the latter with fronds dwarfed to less than 1 meter in length instead

of the usual 1.5 to 2.0 meters), and Lycopodium clavatum is locally

abundant. The soil appears to be more or less evenly and markedly en-

riched with organic matter (though not "peaty") to a depth of 30 cm.,

where stones are encountered. The surface pH is 4.3-4.5 and that at a

depth of 30 cm. is 4.3 (two samples).

Dry Slope forest. This community, as mentioned earlier, has been al-

most totally destroyed by man. Its lower limit is now quite obscure, but

the community seems to have stretched down to about 1000 to 1100 meters

at least; the upper limit is about 1500 meters. The least disturbed rem-

nants are 6 to 1 1 meters tall ; most of the trees are upright and few at-

tain a DBH of 40 cm.

Many of the most disturbed areas are now dominated by shrubs and

w trees, some of which are markedly xeromorphic, in particular the

vitch plant Baccharis scoparia, the tiny-leaved Satureja viminea, and the

icky-leaved Dodonaea viscosa. Soft-leaved Compositae (Bidens, Eupa-

riuni, and Vernonia) are locally prominent.

The forest and associated scrub contain 26 species of dicotyledonous

ees, one tree fern, and ten shrubs. Of these, 13 trees and seven shrubs

constitute a distinct suite, more common here than in any other forest

ype studied (Tables 2 and 3). It is notable that fewer than half of the

hard-leaved tree species of the ridges and wet slopes are present on the

"ry slopes. Of the species that are present (e.g., Ilex obcordata,

Podocarpus urbanii, and Vaccinium meridionale) , none are particularly

common. It is, therefore, unfortunate that Asprey and Robbins called the

community "Montane Sclerophyll." It is markedly less "sclerophyllous"

than the Mor Ridge forest and somewhat less "sclerophyllous" than the

Mull Ridge forest.

Tree ferns, apart from Lophosoria quadripinnata (which has only a
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short trunk), appear to be quite absent from the Dry Slope forest at

the present time. We were told, however, that tall tree ferns with copious

development of adventitious roots on the trunks had been cut out from

the wettest parts of the Dry Slope forest along the path from Cinchona

to Morce's Gap for sale to orchid-growers.

The herb layer was not studied in detail. It is extremely difficult now

to determine what the original herbaceous species were because of the

great influx of weeds. There are few climbers (Table 3) and relatively

few epiphytes.

There are no cauliflorous or buttressed species; only one species (Brunel-

lia comocladiijoUa) has compound leaves and none have drip-tips. The

leaf-size spectrum of the trees and shrubs (excluding the tree fern and

very rare species) shows the widest spread of all the forest types studied

by us, but the two most abundant leaf-size classes are as in the Mull
Ridge— Wet Slope forest, i.e., microphylls and notophylls (Table 4).

The forest clearly represents a further distinct association.

Dry Limestone scrub forest. On the southeast side of John Crow Peak

at 1750 to 1800 meters, growing amongst the deeply dissected limestone,

is a distinctive scrub forest 2 to 4 meters tall, with most stems only 2 to 3

cm. thick at 1 meter in height (a few are 6 cm. thick). This community is

remarkable for the almost complete absence of the more or less hard-

leaved tree species of the Ridge and Slope forests (Table 2). Apart

from abundant Chusquea abietijolia (which covers about 75 per cent),

the dominant shrub species are the soft-leaved Eupatorium triste and

Vernonia pluvialis, the leptophyllous Satureja vhninea, and the more or less

succulent-leaved Verbesina nervosa. The soft-leaved Salvia jamaicensis

is also characteristic, and the scrambling shrub Bidens shrevei (also soft-

leaved) is present. The leaf-size spectrum shows a predominance of micro-

phylls (Table 4) , and in this sense the community is relatively xeromorphic.

However, the leaf texture is mesomorphic (as is indeed the leaf texture of

the dominant species on limestone in the lowlands in the dry southwestern

part of Jamaica). The change from the hard-textured leaves of the MoR
Ridge forest to the soft-textured leaves of the Limestone scrub forest

in many ways parallels the change from bog to fen vegetation in northern

Europe. One might expect the soft-leaved species of the Limestone scrub

forest to be at least facultatively deciduous. However, they were found

not to have lost their leaves toward the end of the main dry season (in

March) in 1974 (obs. E. V. J. T.). Of the few harder-leaved species pres-

ent, the most interesting perhaps is Weinmannia pinnata, otherwise seen

by us only in High Altitude forest, on Mt. Horeb, and in the

John Crow Mountains, but described by Adams (1972) as "locally fre-

quent in montane thickets and open woodlands, 3600-6500 ft."

Down in the grykes between the rugged blocks of limestone there is

virtually no herb layer, although in solution hollows on the tops of the

rocks a few herbaceous species are found {Peperomia quadrifolia, Pilea

mkrophylla, Relbunium hypocarpium, and a few orchids and bromeliads).
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Bryophytes are absent from the trunks of most of the shrubs, but the

lichen Usnea is very frequent on emergent crowns. The hemiparasite

Eubrachion ambiguum was noted.

Wet Limestone forest. On the summit of John Crow Peak in the Blue

Mountains, the vegetation is quite different from that just described.

The ground is not deeply dissected, although there are outcropping rocks

of limestone. The vegetation is, in general appearance, like that of the

Mull Ridge forest, but we did not have an opportunity to study it

The Wet Limestone forest was studied in some detail on the western

slopes of the John Crow Mountains. Here there appeared to be a con-

tinuum, at the lower end of which the forest was 15 to 18 meters tall,

with frequent buttresses more than 1 meter high and occasional prop

roots, and at the upper end of which the forest was 8 to 11 meters tall with-

out buttresses or prop roots. Two sites were chosen for detailed study (at

770 meters and 950 meters) to represent the extremes. Throughout the

continuum the canopy is closed, the trees are upright, and there is no evi-

dence of wind-clipping. At the lower end many trees with a DBH greater

than 40 cm. are present, but at the upper end the forest is denser and

there are few individuals with a DBH greater than 15 cm. The forest

differs from all of those described so far in the presence of a species of

palm, Calyptronoma occidentalis, which is generally frequent at the lower

end of the continuum but more or less confined to gullies at the upper

Twenty-three species of angiospermous trees, one tree fern, and 11

species of shrubs were recorded at the lower site, of which only 12 angio-

spermous trees and one shrub were present at the upper site. Ten an-

giospermous trees, one tree fern, and two shrubs were recorded at the

upper site and not at the lower. Although the list of herbs in Table 3

is certainly less complete than that for the other forest types, the herb

layer is undoubtedly poor in species. This is especially true at the upper

end of the continuum, where the herb layer is occupied almost exclusive-

ly (apart from tree seedlings) by the fern Diplazium costale, with up-

right stems 10 to 15 cm. tall.

Climbers are abundant at the lower end of the continuum and, though

fewer species are present, they are still frequent at the upper end. Syn-

gonium auritum (Araceae), which cUmbs to the lower part of the canopy,

is particularly prominent throughout.

Vascular and nonvascular epiphytes throughout are approximately as

abundant as in the Mull Ridge forest of the Blue Mountains. The fol-

lowing vascular epiphytes were collected: Catopsis nitida, Guzmanta jaw-

cettii, and Hohenbergta eriostachya (all bromeliads) ;
Arpophyllum jamat-

cense, Epidendrum pohbolbon, MaxHlaria purpurea, Neourbania adendro-

bium, and Pleurothallis uncinata (all orchids); Polytaenium jcei (fern);

Blakea trinervia (melastome) ; and Columnea jawcettii (gesneriad). Al-

though our collections are again bound to be incomplete, it is notable that
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the bromeliad and orchid species involved are all different from those re-

corded in the Blue Mountains sensu stricto except the Guzmania, which

is very rare in the latter range. The Pleurothallis, like the Guzmania, is

found on IMt. Horeb, and the Arpophyllum occurs at Newcastle nearby

(C. D. Adams, pars. comm.).

No cauliflorous species were found, only two species with compound
leaves {Calyptronoma occidentalis and Guarea swartzii), and only one

with drip-tips {Psychotria dolphiniana). The leaf-size spectrum of the

trees and shrubs (other than tree ferns and very rare species) shows a

clear preponderance of notophylls and mesophylls sensu stricto.

No detailed study was made of the community above 950 meters,

where there was a steep, dissected slope with grykes 0.5-2.5 meters across

and large blocks of limestone completely devoid of soil. The whole slope

was covered by a low forest with a closed canopy, the very tortuous trunks

and roots running over the rocks. Bryophytes are very abundant through

the canopy and over the trunks, roots, and rocks. The trees present in

the lowermost part of this community include Guarea swartzii and Piper

discolor (also found in the continuous forest below) and Conostegia ico-

sandra, Viburnum alpinum, and Wallenia venosa. Also found were the

shrub Gyrotaenia niicrocarpa, the herbs Lobelia grandiflora, Pilea grandi-

flora, and Psychotria discolor, and the epiphyte Elaphoglossum crinitum.

This community above 950 meters is termed "Elfin Woodland" by Asprey
and Robbins (1953), who recorded Clusia havetioides (as C. clarendonen-

sis) as the most abundant species. C. D. Adams and G. R. Proctor (pers.

comm.) agree that this species is abundant over wide areas on the eastern

(dip) slope of the mountains. Clusia portlandiana is also present, indeed

confined to the John Crow Mountains, but it is not known whether it is

a widespread and abundant species (C. D. Adams, pers. comm.).
It is notable that 15 of the tree species and two of the shrub species

present in the Wet Limestone forest are also found in the Mull Ridge—
Wet Slope forest of the Blue Mountains and/or the Very Wet Ridge
forest of Mt. Horeb; one more is known in the Dry Slope forest of the

Blue Mountains (Tables 2 and 3). Of the remaining 13 trees and seven

shrubs in the Wet Limestone forest identified with certainty to species

level, only nine trees and four shrubs are recorded by Adams (1972) as

generally occurring on limestone. Most of these 13 apparently calcicolous

species are rare or absent above 900 meters. Whether they are strictly

calcicolous is doubtful, because relatively little rain forest remains in

the appropriate altitudinal range on soils derived from rocks other than

limestone, and such sites have not been studied critically. A high pro-

portion of the species in the community above 950 meters are certainly

found elsewhere off limestone, i.e. all of the 12 recorded by Asprey and
Robbins (1953, p. 402) except Conostegia balbisiana and Garcinia hu-

niilis ("Rheedia sessiliflora") *^ and all of the ten recorded by us other
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stegia kosandra, Lobelia grandiflora, Psychotria discolor, and

RESULTS OF FOLIAR ANALYSES

In December, 1973. mature, well-lit leaves were collected from the

crowns of two individuals of almost all the major tree species in a stretch

of MoR Ridge forest on one of the knolls west of force's Gap. The
leaves were oven-dried within two days of collection. In late July to

early August, 1974. mature, well-lit leaves were collected from the crowns
of three individuals of each of two "core" species {Alchornea latijolia

and Clethra occidentalis) in the IMor Ridge, IVIull Ridge, Wet Slope,

and Gully forests in the same area west of force's Gap. The gully forest

in which we collected grew in a slight dip in the ridge and represents the

uppermost limit of what we have described as Gully forest. The leaves

were oven-dried within one day of collection. Leaves from both collec-

tions were analyzed by standard methods (cf. Tanner, in press).

The results are set out in Tables 5 and 6. The interpretation of foliar

analyses always presents problems, and these are discussed elsewhere

(Grubb. in prep.). The level of N, on a dry-weight basis, is largely a mea-
sure of leaf structure, since it is lower in leaves with a coriaceous texture,

which reflects the development of thick cell walls, especially in the epi-

dermides and bundle sheaths. This is less completely true of P or K, and

leaf cell-wall thickness is not generally the major determinant of the levels

of other mineral elements. These generalizations seem to hold for the

present results. Thus, on the whole, the lowest N levels are found in

the species with the most coriaceous leaves and, almost certainly, the

thickest walls, i.e. Ilex obcordata* Clusia havetioides* Podocarpus ur-

banii^ Ilex macjadyenii, Chaetocarpus globosus* and Lyonia cf. oct-

andra* Of these species, the four marked with asterisks all attain their

greatest abundance in the jVIor Ridge forest and contribute very largely to

the impression of a particularly coriaceous leafy canopy in this forest

type. The six species with the lowest P levels include five of the six

species named above (all except the Lyonia), and the six species with low-

est K levels include four of the six named above (not the Chaetocarpus

or the Clusia).

If we consider, by way of contrast, the five species that not only grow
in the Mor Ridge forest but also appear to be about equally frequent

in the Gully forest (Alchornea latijolia, Clethra occidentalis, Cyrilla

racemiflora, Mecraniunt purpurascens, and Podocarpus urbanii), we find

that three of these (the Alchornea, Clethra, and Mecranium species) show

the highest levels of N and P and two of the highest levels of K.^ These

results suggest that the coriaceous-leaved species of the Mor Ridge for-

i Gap area in the Mor Ridge forest, has notably high

ratio of protoplast to wall material.



Table 5. The average foliar

from Mor Ridge f«

Clethra occidentalis

Cyrillaceae

Cyrilla racemiflora

Ericaceae

Lyonia cf. octaudra

Podocarpus urbann

* Each value is the r two collections. Results ;

0.24 0.20
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est might be enabled to flourish there by an abiHty to withstand particu-

larly low levels of N, P, and K supply, such as are commonly found in

highly acid, highly organic soils in the temperate zones. The species con-

cerned also tend to have the lowest foliar levels of Ca, Mg, and Mn, but
the levels of these elements are not so consistently or markedly low.

The results in Table 6 for Alchornea and Clethra do not altogether

confirm the above expectations. Certainly there is evidence from both

species that the K supply is markedly worse in the Mor Ridge forest soil

than in the Mull Ridge soil and notably better in the Gully soil. How-
ever, only the results for Alchornea suggest any significant differences

for N, and neither species yields any evidence of significant differences in

P supply. The results for Ca and :Mg are rather surprising, with the

highest levels in both species being found at the Mor Ridge and Wet
Slope sites. There are no consistent intersite differences in Mn, Fe, Cu,
Zn, or Na. These results are considered later in relation to probable limit-

ing factors.

DISCUSSION

The Forest Formations

We will now consider the classification of the Jamaican mountain for-

ests in the scheme of formation types found useful in other parts of the

wet tropics (summarized in Table 1) and tentatively relate the forests

of the wetter parts of the lowlands to the same scheme.

The Mor Ridge forest meets every criterion of the Upper Montane
rain forest in Table 1 except the predominance of microphylls (cf. Ta-

ble 4). The same is true of the Mull Ridge— Wet Slope forest type,

despite its greater stature and softer-textured leaves. The Very Wet
Ridge forest on Mt. Horeb is closely related to the latter type, separable

merely as a jacies in floristic terms, yet it shows a marked tendency to-

ward a larger mean leaf size (Table 4). The High Altitude forest and

Dry Slope forest are also clearly referable to the Upper Montane rain

forest formation type on all criteria except the leaf-size spectrum. All of

these forests are notable for their lack of buttresses and thick-stemmed

lianas. In contrast, the Gully forest characteristically has these features,

as well as significantly greater stature and a fairly clear preponderance

of notophylls and mesophylls sensu stricto. Clearly, in the Jamaican sit-

uation, the leaf-size spectrum alone is not useful for the classification of

Montane rain forests, but we consider that, taking all the positive fea-

tures of the Gully forest together, this association is best classified as

an impoverished form of Lower Montane rain forest. It is impoverished

in the sense that it is of lower stature and contains fewer species (es-

pecially of woody climbers) than the Lower Montane rain forests on

most equatorial niountains (cf. Grubb et al., 1963; Grubb & Stevens (in

press); Whitmore, 1975). The fact that there is an appreciable overlap

of tree species between the Lower IVIontane and Upper IMontane for-

ests in Jamaica emphasizes the importance of variations in plant per-
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formance in the development of distinct forest formations. The same point

is made by Grubb and Stevens (in press) for forest types in New Guinea.

The forest at the lower end of the continuum found on limestone in the

John Crow IMountains is also clearly referable to Lower Montane rain

forest by every criterion in Table 1. The forest at the upper end of the

continuum, however, is intermediate between Lower Montane and Up-
per AIoNTANE, having prominent climbers and a clear dominance of noto-

phylls— mesophylls (typical of Low^er Montane forest), but low stature

and an absence of buttresses (typical of Upper Montane forest). We
could not study the Limestone Pavement forest above 950 meters in any

detail, but it is probably best assigned to the Upper Montane rain

forest formation. Asprey and Robbins included this forest type with our

High Altitude forest in "Elfin Woodland," but since the communities

are quite distinct in structure, physiognomy, and floristics, we do not

find this treatment useful. As for our Dry Limestone scrub forest, there

is no widespread world vegetation type corresponding to it. It could

possibly be regarded as an edaphically determined variant within the

Upper Montane rain forest formation.

It is interesting that the families of trees and shrubs involved in the

different forest types show considerable parallels with those in other

parts of the world. For example, those present in the Mor Ridge forest

are much the same as those in the Upper Montane rain forest on peat

in Malesia (Aquifoliaceae, Araliaceae, Clethraceae, Ericaceae, Guttiferae,

Lauraceae, Melastomataceae, Myrsinaceae, and Podocarpaceae) . The
most notable absentees in the Jamaican Mor Ridge forest are the Myrta-

ceae and Theaceae (both frequent in the Mull Ridge forest) and the

Symplocaceae (generally rare in Jamaica, cf. Adams. 1972). The most

surprising family found to be represented is the Euphorbiaceae, with two

abundant species, Alchornea latijoUa and Chactocarpus globosus. Of the

three other families of trees present in the Mor Ridge forest, the Cyril-

laceae are found only in the New World, while the :Myricaceae and Rham-
naceae were represented at our sites by only one individual each.

The 15 families represented by trees and shrubs, absent from the Mor
Ridge forest but present in Mull Ridge — Wet Slope forest, are also

widespread in montane forests of the tropics. Those marked by aster-

isks in the following list are found in the Upper IMontane rain forest,

with mull humus at relatively high altitudes, in the Andes ^" and/or New
Guinea (cf. Cuatrecasas, 1958; Grubb & Stevens (in press)): Celastra-

ceae,* Chloranthaceae,* Compositae,* Flacourtiaceae,* Gentianaceae,*

Gesneriaceae,* Meliaceae, Myrtaceae,-^^ Oleaceae,* Piperaceae.* Rubia-

ceae,* Sapotaceae, Solanaceae,* Staphyleaceae, and Theaceae.* The three

families not marked by asterisks are typical of Lower Montane as op-

posed to Upper :Montane rain forest on the higher equatorial mountains.

All of the families mentioned in the previous paragraph (apart from the
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Cyrillaceae) are also found in the higher-altitude Upper Montane for-

ests of the equatorial mountains.

The Dry Slope forest is particularly interesting because of the dom-

inance of genera with marked dry-climate connotations. The following

seven species belong to genera notable for their success in the Mediter-

ranean-climate regions of Europe or California or in the neighboring

mountains: Garrya jadyenii, Juniperus barbadensis, Myrica cerijera,

Rhamnus sphaerospermus, Satureja viminea, Viburnum alpinum, and V.

villosum. Daphnopsis is closely related to Daphne, which is also, in part,

a Mediterranean-Montane genus. Baccharis scoparia, the switch plant,

has many relatives in the dry inner valleys of the high Andes. In the

case of Dodonaea viscosa. the same species is found on some of the drier

slopes of the high mountains of equatorial South America and Africa.^ ^ Of

the remaining species, Bidens shrevei, Eupatorium parviflorum, E. triste,

and Vernonia divaricata are soft-leaved shrubs representative of a family

(the Compositae) which is widespread on the limestone at lower altitudes

in the dry southwestern part of Jamaica.

At present the mean annual rainfall in the Dry Slope forest is quite

high (up to 2700 mm.), well over the 1400 mm. needed to sustain rain

forest ("Moist ]\Iontane" forest) in the Lower Montane Zone in Africa

(Zamierowski, 1975) and even well above the 1800 mm. generally needed

to sustain rain forest in the tropical lowlands (Richards, 1952). Before

man opened up the community, there was probably a continuous forest

made up of characteristic Dry Slope trees (Brunellia, Daphnopsis, Myrica,

Myrsine, Oreopanax, Rhamnus, and Viburnum) and some of the Mull
Ridge and Wet Slope trees (mainly Alchornea, Clethra, Cyrilla, Ilex, and

Vaccinium). At that time the Dodonaea viscosa, the Juniperus barbadensis

Thunb., and the various shrubs now so prominent (species of Baccharis,

Bidens, Bocconia, Eupatorium, Satureja, and Vernonia) may have been

more or less confined to rock outcrops or to land slips. The Dry Lime-

stone scrub forest on the southeast slope of John Crow Peak at the pres-

ent time illustrates one natural habitat for several of the species. If the

climate during the last Ice Age was much drier than it is at present in

Jamaica, as seems to have been the case in South America (Vuilleumier,

1971), Africa (Van Zinderen Bakker & Coetzee, 1972; Hamilton, 1974),

and northeastern Australia (Kershaw, 1970; 1974), the Dry Slope for-

est is likely to have been more widespread and the light-demanding shrubs

may have grown widely on ordinary slopes as well as on rock outcrops.

It is also important to consider past climates in interpreting the dis-

tinctly subalpine features of leaf form and life form found in the High
Altitude forest (cf. p. 340). If the forest limits were lowered by 1000

meters in the last Ice Age (cf. Walker, 1970; Vuilleumier, 1971; Flenley,

1972; Van Zinderen Bakker & Coetzee, 1972), the top of Blue Mountain

Peak (now 2265 meters) would have reached a level at which Subalpine

forest is found today in parts of the Andes (Vareschi, 1955). The colony

" In New Guinea it is found on river gravels, on natural forest margins, and in

secondary forest (Grubb & Stevens, in press).
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of the tussock grass Danthonia domingensis {"D. shrevei") at about 1850
meters on the north side of High Peak (named Sir John Peak in Shreve's

account) could be a relict of this period, but the factors controlling its

persistence at the present time (and its absence from the appreciably

higher Blue Mountain Peak) are obscure. Shreve (1914) reported that

there is nothing obviously peculiar about the soil where the plant grows,

but he noted the low growth of the trees and shrubs mixed with it.

Unfortunately we have made no new observations on the downward
continuation of the Montane rain forests in Jamaica, and we can relate

the lower-altitude types to the schema in Table 1 only on the basis of

Asprey and Robbins's (1953) account and certain new facts provided

by C. D. Adams (pers. comm.).
The major component of the "Montane Mist" forest of Asprey and

Robbins is our Mull Ridge— Wet Slope forest, but it also includes our

MoR Ridge forest and Gully forest. The lower limit of the "Montane
Mist" forest on the northern slopes of the Blue Mountains is said to be

at about 3500 feet (1050 meters), and this is presumably the lower limit

of our Upper ^Montane rain forest in that area. In the John Crow Moun-
tains, which are wetter, there is a gradual transition from Lower Mon-
tane rain forest at 700 meters to Lower Montane— Upper Montane
transitional forest at 900 meters and possible Upper Montane (Lime-

stone Pavement) forest above 950 meters.

There seems to be a continuum in structure, physiognomy, and floristics

between our Gully forest at about 1500 meters on nonlimestone rocks

in the Blue Mountains, our Wet Limestone forest at 700 to 800 meters

in the John Crow ^Mountains, and the "Lower Montane" rain forest

described by Asprey and Robbins from sites at 550 to 750 meters on the

slopes of the Rio Grande Valley between the Blue Mountains and the

John Crow Mountains. It would appear that the forest is commonly 24

to 30 meters in height at an altitude of 550 to 750 meters. Asprey and

Robbins report three species (Ficus maxima ('suffocans'), Psidium mon-

tanum, and Symphonia globulijera) as emergents to 36 meters near the

lower limit, but according to Adams none of these species can be con-

sidered characteristic of this forest type and none grow commonly to

more than 30 meters tall.

There is a further continuum in structure, physiognomy, and floristics

from the "Lower :VIontane" rain forest of Asprey and Robbins at 550

to 750 meters in the Rio Grande area to their "Wet Limestone" forest at

300 to 750 meters in the Cockpit Country, an area of karst limestone in

the western part of the island, and in a similar area near the center of

the island rising to 838 meters in Mt. Diablo (see Figure 1). Their

"Wet Limestone" forest is described as about 18 meters tall with rela-

tively few emergents to 30 meters; the trees do not have large buttresses.

Asprey and Robbins's account suggests that thick-stemmed lianas are ab-

sent, but Rourea glabra {R. "paucijoliolata"), reported by them, can

grow to a height of 30 meters and develop quite thick stems (Adams,

1972). Moreover, according to Adams (pers. comm.), there are other
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species present with substantial stems, e.g., Chamissoa altissima, Clematis

dioica, Ipomoca tcrnata, and Schlcgdia parasitica. Usually these species

attain a DBH of no more than about 5 (-10) cm. Taking the criteria of

Table 1 as a whole, this forest must be assigned to the Lower Montane

It is notable that the forest contains a number of woody families usu-

ally more or less confined to lowland forests in other parts of the tropics:

Anacardiaceae {Comodadia and Mosquitoxylum), Annonaceae {Annona,

Oxandra, and Xylopia), Burseraceae {Bursera, rare in wet areas), Canel-

laceae {Cinnamodcndron), Combretaceae {Buchenavia, Bucida, and Ter-

minalia), Xyctaginaceae (A'eea and Pisonia), Quiinaceae (Quiina), and

Simaroubaceae (Picrasiiia and Simarouba). Of the genera listed here

only one {Oxandra) was recorded by Asprey and Robbins from their

•Lowi.k -Montane" rain forest and only two (Neea and Picrasma) were

iLKiided by us. However, all of the others except Mosquitoxylum , Bu-
iiiLi. and Simarouba are noted by Adams (1972) as being found, at least

occasionally, above 2000 feet (about 600 meters). It thus appears that

the lower part of the Lower INIontane rain forest in Jamaica shows the

iiirlaui^e effect of Grubb (1974) and Grubb and Stevens (in press) to

a nuiiked degree, i.e., the particular forest type, defined on structure and

l)hysiognomy and found at a lower altitude than it would be on a high

mountain in the equatorial belt, contains fioristic elements that are con-

fined to lower-altitude forests in the high equatorial mountain situation.

The same effect is seen in the Lower Montane rain forest at ISO to 600

meters in Puerto Rico discussed in the work edited by Odum and Pigeon

(1970) and in the Lower Montane rain forests at 260 to 800 meters

on various Caribbean Islands discussed by Beard (1944, 1955).
There is no typical Lowland rain forest, as defined by Table 1, in Ja-

maica at the present time. Possibly it existed at or near sea level before

the coming of man in the areas with an annual rainfall of more than 1800
mm., e.g., where sugarcane is now grown. However, Adams believes

that it would probably have been a marsh forest variant of Lowland
rain forest. He says that the last remnants of high forest of this type at

and near sea level are being destroyed at present in parts of the parishes

of Westmoreland and Hanover in western Jamaica. Components include

Bucida buceras, Crudia spicata, Symphonia globulijera, Tabebuia angus-

tata^ and Terminalia latijolia, with the massive liana Dalbergia brownei.

A similar forest in the Black River plain in the parish of St. Elizabeth

has, in addition, Grias (cauliflorous) and large bignoniaceous vines. These
forests are the nearest in Jamaica to the Lowland rain forest associated

with the great rivers of South America (cf. Adams, 1971, p. 56), but they

are subject to distinct seasonal and edaphic constraints.

In summary. Lowland rain forest in the sense of Table 1 may have

existed in the past in a few areas at an altitude below 300 meters, but

it is now virtually impossible to be sure. The few remnants of high for-

est at or near sea level are of a distinctly marshy type. Relict areas of

Lower Montane rain forest are still found from 300 meters to 1750
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meters. In the lower part of its range this forest type occurs on ridges

and slopes, as well as in gullies, and it contains a wide range of species.

Many of the woody families present have strong lowland affinities. At
the upper end of its range this forest type is confined to gullies and is

much poorer in species. On the slopes of the John Crow Mountains there

is a continuum from Lower Montane rain forest at 700 to 800 meters

to what must probably be classified as Upper Montane rain forest above

950 meters. The transition from Lower Montane to Upper Montane
rain forest on the slopes of the Blue Mountains has not been studied in

detail but apparently occurs at about 1050 meters. The Upper Montane
formation contains at least four different associations: Mor Ridge forest

(local in occurrence), Mull Ridge— Wet Slope forest (very wide-

spread with a local Very Wet Ridge forest jacies), Dry Slope forest

(formerly widespread, now mostly destroyed), and High Altitude for-

est (found only above 1850 meters and confined to a few peaks). These

four forests are closely similar in structure and physiognomy to Upper
]\IoNTANE rain forests elsewhere except for their possession of approxi-

mately equal numbers of tree and shrub species with microphylls and

notophylls. They are also similar in their content of woody families, but

they do contain a few families more characteristic of Lower Montane
forests in equatorial regions.

Development of the Mor Ridge Forest

It is necessary to justify the term "mor," because many observers

would describe the relevant soils in the Blue Mountains as "peat." In

that part of Europe neither strongly oceanic nor strongly continental e.g.

southeastern England, mor and peat are quite distinct. Peat is formed

under topographically determined waterlogged conditions; the drainage

waters may be base-rich and the pH of the peat high or the waters may
be base-poor and the pH of the peat low. In either case microbial break-

down is primarily inhibited by the waterlogged conditions. In contrast,

mor is formed on strongly leached upland sites, nearly always on base-

poor parent materials; the pH of the uppermost mineral soil where mor

begins to form is always strongly acidic (pH less than 4.5, usually less

than 4.0). The soil is more or less freely drained, and microbial break-

down is primarily inhibited, either by factors related to the low pH as

such or by various phenolic compounds present in large quantity. Ac-

cumulations of mor humus seen in southern and central England at the

present time are usually only 5 to 10 cm. thick (Watt, 1934; Ovington,

1954; Dimbleby & Gill, 1955; Mackney, 1961; Gimingham, 1972). How-
ever, accumulations 20 to 30 cm. thick under Quercus species and Cas-

tanea sativa Mill, have been found by O. Rackham (unpublished data)

and similar accumulations (some more than 70 cm. thick) are known in

Germany, Denmark, and Norway (Iversen, 1964). It appears that most

sites at which such accumulations developed have been destroyed by hu-

man activity.
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In the strongly oceanic parts of Europe, especially in the mountains

(e.g., in western Ireland, Wales, and Scotland), the distinction between

mor and peat becomes less clear. Acidic "blanket peat" develops over

most surfaces where precipitation normally exceeds evaporation. Even
in such areas normal podzols with mor humus are commonly found on the

upper parts of steep slopes grading into thin iron-pan soils covered by

peat on the ridges and deep peat-gley soils on the plateaux and dip slopes

(Crompton, 1952; Crampton, 1963; Holding, Franklin, & Watling, 1965).

Even where forest mor and forest peat are quite distinct topographical-

ly, they are often similar in micromorphology. Both materials commonly
contain substantial quantities of undecomposed plant fragments (parts of

leaves, twigs, fruits, and pollen) and fungal hyphae. However, mor typ-

ically contains an appreciable fraction made up of the fecal pellets of

mites (Kubiena, 1953; Kendrick & Burges, 1962), the actual proportion

being higher in some kinds of mor than in others (Iversen, 1964). Peat

frequently contains obvious remains of mosses, but only in certain bog-

peats is the bulk of the material derived from them. Both mor and peat

may become matted and both often blacken with age.

On well-drained soils in the lowland tropics there are many known
occurrences of deep mor humus accumulations quite distinct from peats, e.g.,

in Borneo (Hardon, 1937; Richards, 1962, 1965; Brunig, 1969), in Guy-
ana (Richards, 1952), and in Brazil (Khnge, 1965). There are also ob-

viously waterlogged acid peat deposits, e.g., in Borneo and Sumatra (Polak,

1933; Coulter, 1950, 1957; Richards, 1952; Anderson, 1963, 1964). Inter-

grades between mor and peat do not seem to have been recorded explicit-

ly but very probably occur in Borneo (cf. Brunig, 1969).
Despite the existence of topographic intergrades and resemblances be-

tween mor and peat in micromorphology, most organic accumlations can

be ascribed to one or the other type on the basis of the genesis of the

material, whether it is controlled primarily by waterlogging (peat) or by
extreme acidity without waterlogging (mor).

In the Upper Montane forest in Jamaica, surface accumulations of

organic matter are not found in any of the manifestly very wet sites—
on limestone in the John Crow Mountains, in Gully forest or the High
Altitude forest of the Blue Mountains, or in the Very Wet Ridge for-

est of Mt. Horeb. This suggests that the accumulations that are found

are not determined primarily by waterlogging.

However, the possibility of waterlogging in the upper layers of the

soils on the knolls bearing Mor Ridge forest has been considered care-

fully. During a year's observations it was found that the knolls certainly

were not regularly in fog when the other parts of the ridge were free of

low cloud (obs. E. V. J. T.). Indeed there is indirect evidence that the

atmosphere within the forest on knolls was actually drier, largely as a re-

sult of the more open canopy— the minimum temperatures were lower

and the maximum higher (obs. E. V. J. T.). Shreve's (1914) records em-

phasized the frequent occurrence of low relative humidities on the ridge

forests, and this has been specifically confirmed by one of us (E. V. J. T.)
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for a Mull Ridge site. The accumulated organic matter was, of course,

saturated after rain had fallen, but it was frequently less than saturated

during sunny spells. There is no sign of gleying in the mineral soil be-

neath it. The only possible indicator of wetter conditions in the Mor
Ridge forest is the greater development of epiphytes, but we attribute

this to the sloping trunks offering more suitable sites for establishment,

the open canopy providing a more favorable light-climate at the level of

the trunks, and, possibly, a greater average age for the trees affording a
longer time for colonization.

While the evidence is against the involvement of waterlogging, there

is a strong correlation between the degree of accumulation of organic

matter and the pH in ridge soils — only 1 to 2 cm. in depth in the top of

the "mineral" soil on Mt. Horeb (pH 4.2), through the top 5 to 10 cm.
of the "mineral" soil in the Mull Ridge forest of the Morce's Gap area

(pH 3.5-4.0), and up to 50 cm. above the "mineral" soil in the Mor
Ridge forest of the same area (pH 2.8-3.5).

There is a basic difficulty in interpreting this correlation as evidence

that humus accumulation is dependent on low pH, since the pH is un-

questionably dependent on the accumulation of humus— the more humic
acid carboxyl groups present and not occupied by bases, the lower the

pH. This precise situation is met in the North Temperate Zone (see, for

example, Gorham, 1953, for the Lake District in N. W. England). The
usual analysis of the situation is based on the idea of a self-generating or

autocatalytic system. It is generally supposed that once leaching of the

topsoil has reached a certain critical level, there are important changes in

the availability of major mineral nutrients (N, P) and that shortage of

these induces the formation of mor-forming litter. The mor-forming lit-

ter (or even the living canopy) is then supposed to release substances

which inhibit the microbial release of mineral nutrients still further, and

so a stagnated system develops (cf. Handley, 1954; Coulson et al., 1960;

Davies et al., 1964). An alternative explanation involves the mycorrhizal

fungi of the dominant trees in the inhibition of the mineral-releasing and

litter-decomposing microbes (Gadgil & Gadgil, 1971). Both hypotheses

are useful in providing models of a self-generating system, and either

could be applied to the Blue Mountain system. Many early stages in

the development of mor were found, and there can be little doubt that

there is an inevitable trend from mull to mor on the ridge near Morce's

Gap at the present time.

One particularly interesting feature of the situation in the Blue Moun-
tain forests is the considerable number of tree species which can produce

mull or mor humus, depending on the soil conditions. This is reminis-

cent of the position in certain species-rich temperate deciduous forests

of eastern North America (cf. Chandler, 1941).

In the North and South Temperate Zones certain trees and shrubs

have the ability to acidify soils particularly rapidly and so precipitate the

onset of mor formation (Watt, 1934; Scott, Thomson, & Simpson, 1936;

Ovington, 1953; Burges & Drover, 1953; Grubb & Suter, 1971). There is
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no evidence that any of the species in the Jamaican montane forest have
this ability; the processes of mor formation appear to be set in motion

simply as a result of generalized leaching of the type, which occurs in-

evitably under any plant canopy where precipitation exceeds evaporation.

The only other case recorded from a tropical mountain in which mor
is formed without any intergrading to peat is that reported by Pitt-Schen-

kel for Lower :\Iontane rain forest {sensu our Table 1) at about 1650-

2280 meters in the western Usambara INIountains in Tanzania, where the

annual rainfall is about 1250 to 1600 mm. (i.e. distinctly less than in the

Blue Mountains) and rather markedly seasonal. The bedrock is gneiss.

The mor humus (Ai horizon of Pitt-Schenkel, 1938, p. 76) is about 10

to 12 cm. thick and has a pH of 3.0-3.2. The A^ horizon below it (A1/A2
of Pitt-Schenkel) is a friable loam with bleached quartz grains (pH 3.2-

3.4). This African soil type is in need of more comprehensive investiga-

tion, but it appears to differ from that in Jamaica by the thinness of the

mor layer and the presence of a clearly leached mineral layer. It is no-

table that although the forest trees do not grow as tall as those on mull

sites elsewhere, most of the tallest individuals are still 23 to 24 meters

tall.

The mor of the Usambara Mountair
tains in Jamaica may be contrasted with the \

Borneo, the Solomon Islands, Malaya, and New Guinea.
Askew (1964) described the development of peat on ridge crests of

a shale/sandstone formation under heavily mossed forest (almost certainly

Upper :\Iontane rain forest sensu Table 1) at about 1800 to 2700 meters
on j\It. Kinabalu in North Borneo. The soil surface and tree branches
were said to be "completely mantled in a thick layer of moss." The peat

is very dark reddish brown, about 40 cm. thick, and has a fine-sized

granular structure. The "pH" is recorded as 2.3; this is a pH measure-
ment made in KCl solution (G. P. Askew, pers. comm.). A pHn-^o
value of 3.4 is given by Burnham (1974). Beneath the peat is a markedly
gleyed, eluviated horizon, but only at certain sites are iron pans present.

Of particular interest in the present context is the transition from peat

and gleying at 1800 meters to fibrous mor and nongleyed podzols under
much less mossy forests at 1500 meters. Askew (1964, p. 69) describes

the transition as gradual— it corresponds with the transition from Upper
Montane rain forest to Lower Montane rain forest ("Sclerophyllous
Mountain" forest). Askew also records a fascinating series of stages of

increasing mor development with the increase in altitude. At about 1250
meters thin mor and micropodzols are found only on the gentler sloping

sites of ridge crests, but with the increase in altitude the mor layers and
eluviated horizons thicken and spread to steeper sites. The pHrci of

the mor is 2.0 and that of the eluviated mineral horizon 2.8; the organic

carbon content of the mor is 40 per cent, about the same as in the peat.

Askew, following Mohr and Van Baren, attributes the greater development
of mor to a direct effect of temperature on litter decomposition. We
would challenge this view. Mor formation can occur without doubt at
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sea level (cf. Hardon, 1937; Klinge, 1965; and others), and it seems
more likely to us that the effect of temperature is mediated through the
plants; under the increasingly less favorable growing conditions (lower
temperatures and more cloud), either they produce litter more and more
completely determined as potential mor (e.g., through a higher content
of polyphenols), or their mycorrhizas are increasingly strong competitors
with the micro-organisms which might otherwise decompose the litter.

One curious feature of the zone of peat-forming forest is the occur-
rence of mull soils rather than mor soils on the slopes. The situation is

markedly different in this respect from that described for parts of oceanic

Britain (Crompton, 1952) and from that in the Solomon Islands.

Lee (1969) has described in some detail the soils of Kolombangara
in the western Solomon Islands. On the summit slopes of Kolombangara
(1550 meters) there occurs what is probably one of the most continuously

fogged Upper :\Iontane rain forests in the world. The rainfall is estimated
at about 3000 mm. and is rather evenly distributed through the year, but

the consistent fog is probably of more importance in pedogenesis. The
bryophytes completely cover the trunks and major branches to a height

of at least 3 meters and exaggerate the apparent DBH by more than 20

per cent (P. J. G. & T. C. Whitmore, unpubl. obs., 1963; see also Whit-
more, 1969). The bedrock is andesite. On the ridges above 1000 meters

a very dusky red, very greasy, and very wet moss peat is found; the pH
is 3.0-3.3 and the thickness generally 10 to 20 cm., reaching 40 cm. at

the summit. At most sites there is under this peat an eluviated and gleyed

horizon; near the summit a very thin iron pan is found beneath the elu-

viated layer. It is particularly interesting in the present context that the

uppermost slope sites beneath the Upper Montane rain forest on the

ridges were described by Lee as having accumulations of mor rather than

peat (5 to 9 cm. thick). The pH of the mor is given for one site as 3.25

and the loss-on-ignition is 82 to 95 per cent. The texture varies con-

siderably, as one might expect of a mor/peat intergrade, at one site "fi-

brous," at another "greasy," and at a third "peaty." There does not ap-

pear to be any obvious eluviated layer below it, where the mineral soil

has a pH of 3.5-5.0. Apart from this lack of obvious podzolization under

the mor, the situation is clearly very much like that described from oceanic

parts of Britain by Crompton (1952).
In Malaya most Upper Montane rain forest is found growing on peat,

although there are some sites where it is not found (Holttum, 1924; Whit-

more, 1975). Whitmore and Burnham (1969) have given an elegant ac-

count of the transition on granite from yellow latosol supporting Low-

land rain forest at 300 meters to a peat soil supporting Upper Montane
rain forest at 1500 to 1600 meters. The annual rainfall in the area which

they describe is about 2500 mm. Although this is distinctly seasonal, it

is believed that frequent fogging in the season with less rainfall ensures

that the soil very rarely dries out. Bryophytes are frequent on the forest

floor in the better lit sites, but they extend up the trunks generally only
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over as on Kolombangara.

often 20 to 50 cm. thick

and sometimes 1 meter thick. It is black, massive, spongy, greasy, and

lacking in pores. Beneath it there is a very wet eluviated layer (A„) and

beneath that an iron pan; very often the Ae layer is distinctly gleyed.

The peaty podzol soils are thus very much like those described from Mt.

Kinabalu and Kolombangara.

In the upper part of the JNIalayan Lower Montane rain forest (above

about 1200 meters), there is frequently a rather thinner surface accumu-

lation of organic matter, termed "peaty" by Whitmore and Burnham but

distinguished by them as dusky red rather than black, as friable and not

greasy, and as having a considerable inorganic component. During a visit

with Dr. T. C. Whitmore in 1970, one of us (P. J. G.) suggested that the

deposit might better be described as a hydromor. We found at several

sites in the Cameron Highlands a marked eluviated layer beneath but no

obvious illuviated layer or gleying, much as in some of the iron podzols

described by Kubiena (1953). The pH of the putative mor was found

to be 3.6 by Whitmore and Burnham and that of the mineral soil below

it 4.6. The putative mor is found on the slope soils at the same altitude

as the peat on the ridges, so the position in this respect is more like that

on Kolombangara than on Mt. Kinabalu. However, there is apparently

a tendency toward deeper mor formation with increasing altitude on the

ridges below the zone of peat-formation, much as on Mt. Kinabalu.

The first report of typical podzol-profiles in the mountains of South-

east Asia was that of Hardon (1936) from the Vogelkop Peninsula of

northwestern New Guinea. At an altitude of 2000 to 2400 meters in the

Mt. Koebre area at the south end of the Arfak mountains, under what

we would call Upper Montane rain forest (cf. Grubb & Stevens, in

press), typical podzols develop over shales and sandstone. The annual

rainfall is believed to be between 1500 and 2500 mm., and persistent fog

is very frequent. On the summit the "raw humus" cover consists of 40

cm. of gray-brown spongy fibrous peat over 30 cm. of brown compacted

peat. On the lower slopes, which have been much affected by man, the

"raw humus" cover is only 20 to 25 cm. thick. It is not clear whether

any areas carry well-defined mor as opposed to peat. Further east, in

the main ranges of West Irian where the climate is similar, most "pod-

sols" are said to have "moder" humus, while peat develops only in topo-

graphically suitable sites (Haantjens, Reynders, Mouthaan & Van Baren,

1967, pp. 36, 37). Even further east, in Papua-New Guinea, true peats

appear to be rare in the Montane Zone (cf. Grubb, 1974).

The gradation between peat and mor is thus poorly documented for

New Guinea, but a spectrum of humus types has been shown clearly to

exist in the other three areas of Southeast Asia considered. The existence

of this spectrum of types of humus accumulation must be taken into ac-

count when schemes are put forward to explain the mechanisms of ac-

cumulation.
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SPECIES GROUPS AND LIMITING FACTORS

As a result of our floristic account, summarized in Tables 2 and 3,

we can isolate various groups of species and consider the factors most

likely to be limiting their distribution.

First we have the species recorded only from low altitude Lower IMon-

TANE rain forest. The information available is least complete for these

species, but since there appears to be a continuum of change in floristic

composition with altitude in a single kind of topographic site (e.g., gullies

in the Blue Mountains), it is suggested that some function of temperature

is the effective factor limiting the upward spread of these species.

It is convenient to consider next three groups of species: (a) those

exclusive to Lower Montane (Gully) forest at higher altitudes (e.g.,

Boehmeria caudata), (b) those much more frequent and much taller in

such forest {Solanum punctulatum and other Gully species in Table 2),

and (c) those about as frequent in Lower Montane (Gully) forest at

1500 meters as on slopes and ridges but less tall in the latter situations

and most markedly reduced in performance in I\Ior Ridge forest (the

"core" species of Table 2). For these three groups, presence and per-

formance at their upper limit are strongly related to topography, and it

seems most unlikely that temperature determines the upper limit. Neither

air temperature nor leaf temperature seems to be responsible, since there

is no evidence of the ridges or slopes being more subject to fog than the

gullies. Wind is not involved, because wind-pruning, which is distinct

when it occurs, was seen only at certain sites on the steep north-facing

slopes from Portland Gap toward Blue Mountain Peak and on knife-edge

ridges in High Altitude forest.

Shreve emphasized the favorable water supply in the gullies, and we

accept that there is a more favorable supply than on ridges and slopes;

however, we do not consider water supply to be a limiting factor for trees

and shrubs on the slopes or ridges after the seedling stage. Furthermore,

the characteristic Gully species do not appear in the Very Wet Ridge

forest on Mt. Horeb, where instead we see different wetness indicators,

such as Cephaelis data and Selaginella denudata.

The penetration of lower altitude species to their highest limits in gul-

lies is very commonly observed on tropical mountains. It is also seen in

the North Temperate Zone, where it can be related, at least in some cases,

to the incidence of flushed soils in the gullies and leached soils on the

ridges (Gorham, 1953). More generally, many species in Europe are

restricted to more fertile sites at the northernmost edge of their range

(see, for example, McVean & Ratcliffe, 1962; Stalfelt, 1972), and many

species can be established artificially if the soil is limed and N, P, and K
are added (cf. Miles, 1974). Superficially, the situation in Jamaica ap-

pears to parallel this classical leaching situation— some species are con-

fined to the flushed sites, others are much more frequent and taller on

them, and yet others show a response in performance but not obviously in

frequency.
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One field observation strongly suggests a role for nutrient supply. On
the slopes of John Crow Peak at about 1500 meters, below the limestone

but above the last small gap in the ridge, the forest is much taller than

the widely distributed Wet Slope forest described above (p. 333) and

buttresses 0.5 meters tall are common; the pH of the topsoil is 4.7 to 4.8.

Unfortunately we have no information on the tree species present. The
most obvious explanation for the occurrence of this forest is that it benefits

in some way from the leaching of the limestone above it.

The foliar analyses for "core" species at different sites (Table 5) yield

some evidence to support the hypothesis that nutrient supply is more

favorable in gullies than on slopes and ridges with mull humus. K levels

are higher in gully material of both Alchornea and Clethra, but there are

no consistent differences in N or P. Tropical forest soils seem generally

to differ from temperate forest soils in showing not only plentiful min-

eralization of nitrogen but also abundant production of nitrate at very

acid sites (pH 4.0-4.5, see Cunningham, 1962; De Rham, 1971), and

we should perhaps not expect a significant difference between Gully
and Slope soils in this respect. However, the Mull Ridge soils are sig-

nificantly more acid yet (pH 3.5-4.0), and apparently nothing is known
of the mineralization characteristics of such soils. The lack of apparent

difference in P status may result from a very poor supply at all sites

(owing to the various soil parent materials all being deficient in that ele-

ment), or it may result from the mycorrhizas of the mature trees being

so effective in uptake that any soil differences are hidden. Clearly much
more research is needed on this problem. This should involve more ex-

tensive foliar analyses, tests on the mineralization of nitrogen in the soil,

bioassays of the various soils with seedlings, and fertilizer experiments

with adult plants in situ. Some work along these lines has been carried

out by one of us (E. V. J. T.) and, after analysis, will be reported else-

The idea that mineral supply might limit the distribution of forest

types on wet tropical mountains was put forward before (Grubb, 1971)

as a possible explanation of the ''Massenerhebung" effect, the occurrence

of given forest types at lower altitudes on smaller, outlying mountains.

At that time the implication was that the species of Lovi^land, Lower
Montane, and Upper Montane forests are successively better adapted

to poor mineral supply. Alternative partial explanations of the "Massener-

hebung" effect have since been put forward (Grubb, 1974; Grubb &
Stevens, in press). The present suggestion does not imply that Lowland,
Lower Montane, and Upper Montane species necessarily have differ-

ent mineral requirements according to some absolute standard, but that

at the upper limits of their distributions there may be an interaction

between mineral supply and climatic factors such that mineral supply

(determined by topography) can become the chief limiting factor.

The next species group to be considered is that confined to Mull
Ridge and Wet Slope forests (Table 2). By analogy with what is

established for vegetation in other parts of the world, we suggest that
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some aspect of competition keeps several of these species out of the

gullies, where they would probably grow very well if all other plants

were removed. Their upper limit is not obviously related to topog-

raphy, and some function of temperature is likely to be limiting— pos-

sibly leaf temperature rather than air temperature, since fog is definitely

more frequent in the High Altitude forest from which they are absent.

The same temperature limitation applies to three of the six "core" species

and many of the Dry Slope species (Table 2).

Of particular interest is the failure of the Mull Ridge and Wet Slope

species (Table 2) on the mor humus soils and the distinctly poorer per-

formance of the "core" and Mor Ridge species there. Some idea of the

complexity of the chemical factors likely to be limiting growth on the

mor humus can be gained by reviewing the work done on growth of crops

on very acid lowland peat in Indonesia and iVIalaya. As a general rule it

is necessary not only to add large amounts of lime to raise the pH to a

value greater than 4.5, but also to add nitrogen, phosphorus, potassium,

and copper (Polak, 1948). A few crops will grow in unlimed peat, e.g.,

pineapple, which responds to N, K, and Cu (Allen k Coulter, 1957; Par-

bery & Venkatachalam, 1964), and tapioca, which responds to N, P, and

S, but not to K (Lim, Chin, & Bolle-Jones, 1973). There is also variety

in the responses of crops that grow only after liming. Wet padi has an

overwhelming requirement for P (Allen & Coulter, 1957); sweet potatoes

need additional N and K, but do not respond when P alone is added

(Chew, 1970); and tomatoes need not only N, P, and K, but also Bo

(Joseph, Serrat, & Williams, 1970).

By analogy with the above results, we may suggest that the failure of

Mull Ridge and Wet Slope species on mor results from the low pH as

such. The fact that the pH is so low (< 3.5) suggests that the exchange

sites are mostly saturated with hydrogen, since aluminum, when present,

is an effective buffer to pH ca. 4.2 (cf. Jackson, 1963). Thus the un-

doubted toxicity of aluminum ions for many plants invading soils of

pH < 4.8 (cf. Grime & Hodgson, 1969) is unlikely to be relevant here.

Rather, the high concentrations of hydrogen ions are likely to be toxic as

such; many plant cells are damaged in the laboratory at pH < 4 and are

unable to absorb mineral nutrients (Arnon & Johnson, 1942). Clearly,

experiments with seedlings of Mull Ridge and Wet Slope species are

needed. Even if the pH were raised to the range of 3.5-4.0, that found

in the :VIull Ridge soils, there might prove to be a variety of nutrient

deficiencies, depending on the species tested.

We have, from foliar analysis, some evidence of the mineral nutrients

possibly limiting growth of the "core" and Mor Ridge species, which can

by definition tolerate the extraordinarily high hydrogen ion concentra-

tions of the mor humus. The foliar analyses of Alchornea and Clethra

(Table S) show very low levels of K, and the small amount of K cir-

culating in the forest has been amply confirmed by one of us (E. V. J. T.)

through other lines of investigation. Effective limitation of plant growth

by shortage of potassium on acid peats in the Northern Hemisphere has
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been reported by Heikurainen (1964), Tamm (1964), and Goodman and
Perkins (1968a, b), but it seems that no case of parallel limitation on
mor has been reported. The failure of uptake of K in Alchornea and
Clethra may be a result of hydrogen ion toxicity. It is notable that foliar

Na levels are actually higher and, unless the exchangeable Na in the soil

is unusually high, this suggests that the reduced K uptake is not explic-

able simply in terms of a low "K potential," i.e. low ratio of the chemical

activity of K to the chemical activity of other cations. Such an effect

would apply to Na as well as to K. It is perhaps surprising that the foliar

levels of Ca and Mg are not particularly low in the Alchornea and Clethra

from mor humus, but it was similarly found that the foliar levels of these

elements are no lower in the trees of Upper JNIontane rain forest on
very acid peat in Malaya than in trees of Lowland rain forest on a

deep latosol (Grubb, 1974).

There is no evidence for a poorer supply of P for either species analyzed,

but there is some indication of a lower level of N in Alchornea. In the

Temperate Zones one usually finds a shortage of mineralized nitrogen, es-

pecially nitrate, in mor humus (see results from widely separated areas

reported by Pearsall, 1952; Handley, 1954; Zottl, 1960; Ellenberg, 1964;

Lemee, 1967; Lamb, 1975), but there are records of appreciable nitrifi-

cation, at least at certain times of year, in various types of mor at pH
2.6-4.0 (Romell & Heiberg, 1931), in peat at pH < 4 (Klotzli, 1969),
and in certain unusually acid mulls of pH 3.7-4.0 (Davy & Taylor, 1974;
Runge, 1974). Samples of mor and acid peat from the lowland tropics

contain appreciable amounts of ammonium, but generally low to very
low levels of nitrate (Ellenberg, 1954; Richards, 1965). However, relative-

ly high levels of nitrate were recorded from lowland peat in Malaya by
Parbery and Venkatachalam (1964). Unfortunately it appears that no
experiments on mineralization of nitrogen in such soils in the laboratory
have been reported. While the soils will possibly nitrify readily, all of

the nitrate may be taken up immediately by the plants or be very rapidly

leached.

In some highly organic soils Cu and Zn can be so effectively adsorbed
or chelated by the soil that they become limiting factors for plant growth
(Polak, 1948; Allen & Coulter, 1957; Wallace, 1961; Kanapathy, 1972;
Stalfelt, 1972); the analyses of Alchornea and Clethra, however, yield

no evidence for their implication in the present situation. Possibly Bo
is in short supply (cf. Joseph et al., 1970).
At present we have no evidence that any chemical factor other than

potassium shortage is implicated in the poor growth of the plants on the

mor. However, it is likely that the very high concentration of hydrogen
ions has a generalized effect in reducing the performance of even the

plants that can tolerate it sufficiently well enough to survive. Much
more analytical and experimental work is needed, and there may well be
appreciable differences between species of forest trees, as there are between
crop plants.

The High Altitude species are few in number (cf. Table 2). The
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more or less strict confinement of most of them to high altitude sites

strongly suggests that downward penetration is controlled primarily by
temperature, although a requirement for continuously favorable water

relations may possibly be involved.

The Dry Slope species seem to be absent from the Wet Slope and
Mull Ridge forests, mainly as a result of competition; the few indi-

viduals of several Dry Slope species that are present appear to be very

well grown. They do not seem to need drier conditions to grow well.

This interpretation is supported by the occurrence of several Dry Slope
species in High Altitude forest (cf. p. 340), where there is certainly

more rainfall and more fog, but fewer species and possibly less "competi-

tion pressure." The most extreme example of a "competition-intolerant"

species is Bocconia jrutescens, whose major natural habitats are probably

landslips and river gravels. It was seen on one fairly fresh landslip at

1470 meters with CUbadium terebinthinaceum, Hedyosmum nutans, Trema
flondanum, and the rare Tovaria diffusa, as well as with Lobelia assurgens,

L. caudata, and Pityrogramma tartarea. Hedyosmum nutans also invades

Dry Slope and INIull Ridge forest occasionally. Care must be exercised

in discussing "competition intolerance" in species like Bocconia jrutescens.

It may easily outgrow plants of other species of the same age, but it is a

poor competitor over its whole life cycle, presumably dying young and

invading established vegetation only with difficulty.

In summary, it is clear that the montane forests of Jamaica show great

variety within a small area and provide fine opportunities for the investiga-

tion of critical factors limiting the distribution of particular species groups.

More sophisticated observations will help us formulate the hypotheses

more clearly, but the prime need now is for experimental studies.
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A RADIOCARBON DATED POLLEN DIAGRAM FROM THE

ALLEGHENY PLATEAU OF NEW YORK STATE

Ray W. Spear and Norton G. Miller

The general pattern of late Quaternary vegetation change in the

northeastern United States has been known for some time, but many

chronological and interpretational details of the pollen record of this

region still remain to be worked out. In New York State early studies

(Cox, 1959; Deevey, 1943; McCulloch, 1939) established that late-

glacial spruce-pine communities were replaced by postglacial forests rich

in pine, which in turn gave way to forest communities with varying per-

centages of deciduous trees and hemlock. Few radiocarbon dates are

available for these or earlier events, and their documentation by detailed

pollen diagrams is inadequate for most parts of the state. For these rea-

sons, a site in west-central New York, which we have named Belmont

Bog, was selected for study.

Previous work in western New York (Miller, 1973) provides pollen

diagrams with which to correlate results. Comparison with one diagram

in particular, that from the Genesee Valley Peat Works, which is lo-

cated 2 km. east of Belmont Bog, has allowed local and regional differ-

ences in the pollen record to be distinguished. The pollen diagram from

the Peat Works has been difficult to interpret because the top of the de-

posit is truncated and because spruce zone assemblages contain abundant

herb pollen. New data from Belmont Bog permit a reevaluation of these

problems.

Sediments from Belmont Bog, which presumably is situated on Olean

drift, the oldest recognized Wisconsinan till in the Northeast, contam

seven pollen zones. Six levels in the deposit were radiocarbon dated, and

where the sedimentation rate could be determined accurately, pollen m-

fiux values were calculated. Otherwise, absolute pollen frequencies are

presented.
.

The record shows that tundralike vegetation existed around both sites

for an estimated 3900 years (16,400-12,500 yrs. B.P.M and was followed

by a briefer period (12,500-11,000 yrs. B.P.) of open spruce woodland.

About 11,000 yrs. B.P., pines began to dominate the vegetation, reach-

ing maximum numbers 10,100 yrs. B.P. Hemlock replaced pine as the

dominant forest tree about 8400 yrs. B.P. Surface samples indicate

that the present virgin forests at Tionesta Scenic Area and Cook For-

northwestern Pennsylv; similar to those that existed

during later postglacial time in southwestern New York.

THE SETTING

Belmont Bog is located at 42°15'N and 77°S5'W in Allegany County,

^ew York. The bog covers an area of 2 ha. and is situated in the Phil-
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Regional Glacial Geology

The oldest Wisconsinan deposit in western New York is the Olean

drift (jNIacClintock & Apfel, 1944), the age of which is not known pre-

cisely. However, since Olean till overlies peat dated at 63,900 ± 1700

yrs. B.P. (Muller, 1964; Dreimanis & Goldthwait, 1973), the maxi-

mum age of the drift can not be greater than this.

On the western margin of the Salamanca re-entrant, an unglaciated

area in southern Cattaraugus and Allegany counties, drift younger than

the Olean has been distinguished (MacClintock & Apfel, 1944). The
margin of this drift sheet has been traced continuously from the Kent
terminal moraine in Ohio, and there is general agreement that Kent till

is of late Wisconsinan (Woodfordian) age. Wood from a lacustrine de-

posit overlain by Kent till near Cleveland, Ohio, has been dated at 23,500

yrs. B.P., establishing a maximum age for the Kent advance (White,

1969).

The Lake Escarpment and Valley Heads moraines mark the next ma-
jor Wisconsinan ice advance in New York State. Dreimanis and Gold-

thwait (1973) give the age of these moraines as early Cary. Connally

and Sirkin (1973) accept an early Cary age and note that ice apparently

remained at the Valley Heads position while retreating in the far western

part of the state. Final withdrawal of ice from the Valley Heads posi-

tion occurred prior to 14,900 ± 450 years ago (Calkin, 1970).

Glacial Geology of Allegany County

Allegany County is in the Genesee section of the glaciated Allegheny

Plateau (Coates, 1974). Except for a small portion in the southwest

corner (a part of the Salamanca re-entrant), the county was completely

ice-covered during portions of the Wisconsinan. South of the town of

Belvidere, Olean drift covers the valley of the Genesee River and sur-

rounding uplands, including the site of Belmont Bog. The ice sheet

which deposited this drift advanced from the northeast and receded north-

ward unevenly (IMuller, 1957). In the valleys active ice tongues retreated

by backwasting, which often resulted in deposition of marginal kame
terraces. Belmont Bog and the nearby Genesee Valley Peat Works are

on such a kame terrace. The kame terrace near Belmont Bog is pitted

with several kettles. The atypical shape of the basin and its depth pro-

file (Figure 1) suggest the coalescence of two smaller basins.

As Olean ice retreated, a proglacial lake formed in the Genesee River

Valley. This lake, Lake Wellsville, was about 24 km. long and had an

outlet 1602 ft. above sea level which emptied into the Allegheny River

watershed (Muller, 1957). Since the lower part of Phillips Creek Val-

ley was undoubtedly flooded, the shore of Lake Wellsville must have
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close to Belmont Bog. After the ice retreated past Black Creek
near Belfast, Lake Wellsville drained.

Kent drift covers the northern third of Allegany County. A lobe of

the Kent ice advanced up the Genesee River Valley to within 4.8 km. of

Belmont Bog and reestablished proglacial Lake Wellsville. Once the

Black Creek outlet had reopened, Lake Wellsville drained and progla-

cial Lake Belfast-Filmore formed in the Genesee Valley. The Lavery
drift and moraines recognized by Fullerton (1971) at East Rushford in

the Genesee River Valley are thought by Muller (1957) to be deposits

of a major stillstand in the recession of Kent ice.

During the Valley Heads advance, the ice sheet entered the north-

eastern corner of Allegany County to a point 10 km. south of Dansville.

The margin of this ice sheet was about 35 km. northeast of the site of

Belmont Bog. In the Genesee River Valley the Valley Heads terminal

moraine is located at Portageville just north of Allegany County. A series

of at least ten proglacial lakes formed in the Genesee Valley as the ice

retreated northward to Mount Morris in Livingston County (Fairchild,

Sketchy information exists about the forest vegetation of Allegany

County prior to settlement by European man. Child (1875) and Minard

(1896), who gathered reports from early settlers, indicate that white pine

{Pinus Strobus) predominated in the forest and actually hindered clear-

ing by its abundance. Hemlock {Tsuga canadensis), oak {Quercus spp.),
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ash (Fraxinus spp.), elm (Ulmus spp.), chestnut (Castanea dentata),

cucumber tree {Magnolia acuminata), and hickory {Garya spp.) were also

common. Forests on bottomlands contained butternut (Juglans cinerea),

buttonwood {Platanus Occidentalis), cottonwood (Populus spp.), and

elm.

A report from 1827 by a surveyor, Joseph Jones, recorded forest trees

found in the Caneadea Indian reservation (Minard, 1896), which was

located 23 km. north-northwest of Belmont Bog along the Genesee River.

Bottomlands with alluvial soil had forests of elm, butternut, sycamore

(Platanus occidentalis) , and plum {Prunus spp.). Sandy loam soil of

tablelands supported forests of white pine, white oak (Quercus alba),

sugar maple {Acer saccharum), and birch {Betula spp.). Highlands with

gravelly clay soil had pine and oak forest with chestnut and soft maple

{Acer rubrum).

Original land surveys sometimes give a good description of forest

composition and the names of witness trees. Unfortunately, original sur-

vey notes which might provide information useful in reconstructing pre-

settlement forests apparently no longer exist for the eastern part of Al-

legany County where Belmont Bog is located. Gordon (1940), using

original land survey data, topographic maps, soil surveys, historical ac-

counts, interviews with old settlers, and field reconnaissance, has re-

constructed the presettlement forest cover of adjacent Cattaraugus Coun-

ty. He recognized and mapped the following four major forest types

which once covered most of that county. (Allegany County, which ad-

joins the eastern border of Cattaraugus County, no doubt had a similar

( 1 ) Hemlock-white pine-northern hardwood forest covered the greatest

area (see also Bray, 1915; Braun, 1950). The dominant trees were hem-
lock and beech {Fagus grandifolia) ; less frequent were sugar maple, yel-

low birch {Betula lutea), red maple {Acer rubrum), black birch {Betula

lenta), and black cherry {Prunus serotina). Gordon (1940) recognized

a separate Beech-maple component in Hemlock-white pine-northern hard-

wood forest, although he was unable to differentiate between the original

distribution of the two and had to map them as one unit. Beech-maple
forest occurred on the better drained soils of ridge tops, and dominant

trees were sugar maple, beech, basswood {Tilia americana), white ash

(Fraxinus americana), black cherry, and white pine. Beech-maple forest

graded into (2) Mixed mesophytic forest, which occurred on well-aerated,

moist soils. Dominant trees were red oak (Quercus rubra var. borealis),

beech, chestnut, red maple, black birch, white ash, and black cherry.

Cucumber tree, white oak, white pine, basswood, bitternut hickory

(Carya cordiformis), sugar maple, hop hornbeam (Ostrya virginiana),

and striped maple (Acer pensylvanicum) were less common species.

Communities of :Mixed mesophytic forest were transitional between

Beech-maple and (3) Oak-chestnut forests, which occurred on high

ridges and south and southwest slopes with dry soils. Dominant trees

were white oak, red oak, chestnut, chestnut oak (Quercus Prinus), and
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black oak (Quercus velutina). White pine, red maple, pignut hickory

(Carya glabra), pin cherry (Prunus pensylvanka) , black gum {Nyssa
sylvatica), dogwood (Cornus spp.), and sassafras (Sassafras albidum)
were less important. (4) White pine-American elm swamp forest oc-

curred on river flats and flood plains. In addition to white pine and
American elm {Ulmus americana), other common trees in the canopy
were black ash (Fraxinus nigra), swamp oak (Quercus bkolor), red

maple, hemlock, yellow birch, and white ash.

Goodlett and Lyford (1963) recognized two types of second-growth

forest in the area immediately east of Allegany County. In the first,

Northern hardwood, sugar maple, beech, basswood, hemlock, and white

ash dominate. Red oak, red maple, yellow birch, and black cherry are

less frequent, although they can be locally abundant. Gordon (1937)

and Taylor (1928) have described the same type of secondary forest in

Cattaraugus County. Gordon (1937) concluded that forests of this type

occur in areas once occupied by presettlement hemlock-beech-northern

hardwood and beech-maple forest communities. In present-day secondary

Northern hardwood forest, hemlocks and white pines are greatly reduced

in number because they were extensively cut for tanbark and lumber.

The other kind of secondary forest recognized by Goodlett and Lyford

(1963) is Oak forest. White oak characterizes this forest type, and red

oak, white pine, black oak, chestnut oak, and large-toothed aspen (Pop-

ulus grandidentata) are other dominants. Gordon (1937) recognized that

this kind of oak forest replaced oak-chestnut, mixed mesophytic, and

white pine presettlement forest communities in Cattaraugus County.

OF THE Belmont Bog Area

A survey of forests in the Phillips Creek Valley was undertaken to

establish the nature of forest vegetation near Belmont Bog. To deter-

mine importance values for dominant trees, two sets of thirty quarter

points (Phillips, 1959) were done along transects on north- and south-fac-

ing slopes 1 km. south and l.S km. northwest of the bog respectively

(Appendix A).

The north-facing slope is covered with forest of the Northern hard-

wood type. White oak is absent. Hemlock is in general less abundant

than expected but is frequent on moist lower slopes with yellow birch.

Sugar maple is abundant toward the top of the ridge. A deep ravine

with what appears to be very old or possibly virgin forest was located at

the end of the transect. The vegetation in this ravine appears similar to what

Lewin (1974) has described as occurring in undisturbed ravines of the

southern Finger Lakes region. A hemlock tree 100 ft. tall and 2 ft. in

diameter at breast height was found near the top of this ravine.

Disturbed oak forest covers the south-facing slope. In this white oak

is dominant; red oak is subdominant. The only hickory found was Carya

ovata. No white pines occurred on the slope. The area had been lumbered

within the last few decades, and most large trees had split trunks that
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were unsuitable for timber. Tree tops and stumps littered the ground

and the canopy was open.

A set of fifty quarter points was also done in forests immediately sur-

rounding the bog to determine the dominant trees (see Appendix A).

In sampled communities white pine was the most important tree, fol-

lowed by hemlock, red maple, sugar maple, black cherry, beech, yellow

birch, and red oak.

Although the quarter points have been tabulated in one unit, the for-

est can be divided into three parts (Figure 1). The first corresponds

to stands of Northern hardwood forest. In it dominant trees are hem-

lock, sugar maple, red maple, beech, black cherry, red oak, and yellow

birch. Seedlings and transgressives of nearly all these species can be

found, and hence it seems to be a self-perpetuating unit. The other two

units, one rich in hemlock and the other in white pine, are segregates of

the Hemlock-white pine-northern hardwood forest type. Gordon (1937) re-

ports that white pine or white pine mixed with hemlock occupied lower

slopes, benches, and gravel terraces in the Allegheny River Valley. Similar

stands of pure white pine or hemlock may have originally grown on the

kame terrace on which Belmont Bog occurs. The hemlock unit occupies

the eastern margin of the bog. Hemlock is dominant and few individuals

of beech, yellow birch, and red maple were found. The transgressives

are all hemlock trees. A thick layer of hemlock needles blankets the

ground and no herbs have become established. The white pine unit con-

sists of forest communities on the western and northern margins of the

bog. The white pines appear even-aged and are mixed with a few black

cherry, red maple, quaking aspen (Populus tremuloides) , and red oak

trees. There are a few young white pines in the subcanopy, but there

are no seedlings of this species. Beech, hemlock, sugar and red maples are

established under the white pine and probably will replace it in the next

few hundred years, barring fire or windfall.

Compared with other bogs in western New York, the peat at Belmont
Bog supports a very limited diversity of species. Trees, shrubs, and herbs

around the margin are typical of bogs elsewhere in the region, but black

spruce {Picea mariana) and tamarack {Larix laricina) are notably ab-

sent. Except for a marginal ditch, a sphagnum mat fills most of the basin.

On it is established a leatherleaf (Chamaedaphne calyculata) heath. A
few small white pine trees are growing on the mat. Red chokeberry

{Pyrus floribunda), cotton grass (Eriophorum virginicum), pitcher plant

(Sarracenia purpurea), and cranberry {Vaccinium Oxycoccos) are the

only other common plants.

The flora of the Belmont Bog area is given in Appendix B.

Land Usage ani

Child (1875) and Minard (1896) provide histories of the European

settlement of Allegany County. Before the late eighteenth century, the

Seneca Indians inhabited the area. They presumably had little effect on
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the vegetation except along the alluvial flats of the Genesee River, where
grassland was burned to enable cultivation of corn, beans, squash, and
gourds.

Belmont Bog is located in a tract of 100,000 acres, 26 miles long and
6 miles wide, which was first acquired by John B. Church of New York.

Settlement of the tract was slow. The region did not really flourish until

the Genesee Valley Canal, an offshoot of the Erie Canal, and the Erie

Railroad reached it. Owing to a lack of transportation, the lumber in-

dustry did not begin to develop until 1851, when the railroad reached

Belvidere. After that, the area was extensively lumbered and burned

over. Farming became important following depletion of the forests.

Wheat, oats, and potatoes were the main crops, and dairy farming was
very widespread. Only a few working farms are now left in the northeast

section of the Town of Amity, where Belmont Bog is located.

MATERIALS AND METHODS

Belmont Bog. Field work at Belmont Bog was carried out during the

summers of 1973 and 1974. The basin was probed to determine the depth

and nature of sediments along an east-west transect, the longitudinal axis

of the basin. Depth along the transect (see Figure 1) was tested every

10 m. by pushing a Hiller sampler to the base of the deposit. Every 50

m., a complete column of sediment was collected and examined to de-

termine extent and unique features of the peat, gyttja, and clay. Depth

across the basin was determined by three north-south transects per-

pendicular to the main one. One final transect was used to establish

depth in the northeastern bay of the bog.

A sampling site was selected 142 m. from the western edge of the bog

and 5 m. north of the east-west transect. Peat and gyttja were sampled

with a Hiller borer. A Davis sampler head attached by an adapter to

Lichtwardt rods (Lichtwardt, 1952) was used to sample clay. Extruded

samples were wrapped in plastic film and aluminum foil and stored at

low temperatures until they were subsampled in the laboratory. A screw

(shipwright's) auger (4.9 cm. in diameter, 50 cm. long) attached to

Lichtwardt rods was used to collect the deepest clays. This type of sampler

presents problems with deformation and contamination of sediment, but

it was the only means by which to penetrate the extremely compact

clays at the base of the deposit. The clay, which collected in the worm of

the auger, was cleaned of surface contaminants by cutting off and dis-

carding the outermost portions.

Samples for radiocarbon dating were collected with the Davis and

Hiller samplers. Owing to small diameter chambers, repetitive sampling

was necessary to collect sufficient material. Sampling was confined to an

area not more than 1.5 m. from the coring site. Approximately twenty

peat or gyttja samples were obtained in 5 cm. lengths from each of the

following depths: 0.47-0.52 m., 1.43-1.48 m., 2.47-2.52 m., 3.45-3.50 m.,

and 3.70-3.75 m. These were dessicated and sent to the radiocarbon
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laboratory at Heidelberg University (West Germany) for analysis. Or-

ganic clay samples were submitted to the radiocarbon laboratory at the

University of Wisconsin's Center for Climatic Research. Approximately

forty repetitive samples, each 5 cm. in length, were collected with the

Davis corer at both 4.70--4.7S m. and 5.68-5.73 m. The lowest sample

contained too little organic matter for dating.

Standard methods for defiocculation, removal of siliceous materials,

and acetolysis described in Faegri (1975) were used to concentrate pol-

len and spores present in the samples. A uniform volume of sediment

from all sampled levels was processed. This was accomplished by packing

sediment into a glass graduated cylinder that had been cut off to hold

1 ± 0.05 cc.

Preparatory to using the exotic pollen technique for determination of

absolute pollen frequency (Matthews, 1969; see also Bonny, 1972, and

Peck, 1974), residues were washed several times with water and were

put into 95% ethyl alcohol. One-half or one cc. of an exotic pollen mix-

ture was added to each residue. The exotic marker, Zamia floridana pol-

len suspended in pure glycerine, was mixed on a magnetic stirrer for at

least one hour to insure homogeneity before adding it to a sample. The
concentration of pollen in the suspension was determined to be 7.49 ±
0.18 X 10^ grains/cc. through a series of counts using an AO Spencer

hemacytometer. One hundred counts were needed to determine the mean
number of grains with a confidence level of 95% using the formula given

by Bonny (1972). As suggested by Bonny (1972), the marker was

added at the end of sample treatment. This is useful, because contam-

inants on the Zaviia strobilus or those introduced during procedures used

to extract pollen from it remain unacetolyzed and are therefore identifiable.

Residues were mounted in silicone oil (12,500 c.s.) after being suspended

in tertiary butyl alcohol (TBA). Slides were heated on a warming tray

(75°C) to promote evaporation of the TBA, and residues were mixed with

silicone oil using a clean dissecting needle. Cover slips were sealed with

nail polish once the silicone oil had spread out evenly underneath.

Only slides with a uniform distribution of pollen were used for the

counts. To check if the distribution of grains was random, the slides

were examined visually. Also, as suggested by Peck (1974), a Chi square

test based on observed and expected frequencies of grains in successive

traverses was used. Slides for which the x" values were significant (P <
0.05) were rejected.

Three hundred arboreal pollen grains were counted at nearly all sam-

pling depths. Counting was done at a magnification of 250X, and more

difficult determinations were made at a magnification of lOOOX with the

use of an apochromatic oil immersion lens. Identification of pollen was

aided by a small but adequate reference collection. Spear counted most

samples, except for seven levels in Zone T which were tallied by Miller.

The sum was calculated by totalling the number of pollen of trees and

nonarboreal plants excluding spores, pollen of bog species and other

aquatics, broken pine and spruce grains, and indeterminable, badly cor-
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roded or crumpled, and unknown grains. Calculation of the relative frequen-

cy of the excluded categories was done separately from the arboreal and
nonarboreal pollen by using the total number of all pollen and spores in

a count as the percentage base.

Absolute pollen frequency was calculated using the following formula:

(Number of exotic pollen grains added) (

^ ^y^^^y ^^^ms
\

V * "^—^-c grams /

' fossil grains

The absolute frequency of each pollen or spore type in a count was cal-

culated by a similar proportion. Pollen influx values, i.e. the number of

grains deposited/cm.-/year, were determined by dividing the absolute

frequency by the number of years it took one cm. of sediment to ac-

cumulate.

Per cent organic matter in the sediment (see Figure 2) was measured

by determining the weight of 1 cc. samples after they dried for 24 hours

(at 105°C) and the weight of the ash after the samples burned for 1 hour

in a muffle furnace (at 550°C). The difl'erence between the two figures di-

vided by the dry weight value and multiplied by 100 gives the per cent

weight loss on ignition.

Genesee Valley Peat Works. IMethods used to prepare the relative

frequency pollen diagram for this site and to produce the absolute pol-

len frequency data, which were obtained by a somewhat different vol-

umetric technique than that described above, are given by Miller (1973).

RESULTS

Pollen Diagrams

The Belmont Bog pollen profile (Figure 2) has been divided into

Zones T, A, B, C-1, C-2, C-3a, and C-3b to faciHtate comparison with

profiles from nearby regions. Percentages of pollen types not included on

the pollen diagram are given in Appendix C.

Zone T (7.1-4.7 m.). Zone T consists of pollen deposited in the lower

2.4 m. of clay and shows little internal differentiation. The zone is

characterized by abundant nonarboreal pollen (Nx\P), which varies from

a high of about 70% (6.1 m.) to a low of about 50% at the end of the

zone. Spectra at 5.8 and 7.1 m., containing 49 and 63% NAP respective-

ly, were contaminated with pollen from younger sediment, presumably

as the unprotected auger was pulled to the surface. Hemlock pollen ac-

counts for 1.3% of the sum at 5.8 m., but it does not occur at sampled

levels immediately above or below. At 7.1 m. only a few hemlock pollen

grains were found. Additional samples were counted at 6 and 6.8 m.,

and although these agree well with other Zone T pollen assemblages,

they were rejected because of more abundant contaminants.

The relative frequency pollen diagram (Figure 2) gives percentages
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of major pollen types in Zone T. Cyperaceae and Gramineae are the

principal NAP components. From 55 to 32% of the pollen total was con-

tributed by members of these families. There is a general reduction up-

ward in the amount of Cyperaceae pollen present, but the representation

of Gramineae is more or less constant throughout the zone. Percentages

of Alnus and Salix are also fairly constant (ca. 3-4% each). Both Ar-

temisia and high-spine Compositae are somewhat better represented above

5.6 m. Pollen of Tkalictrum is present throughout, and maximum per-

centages occur near the beginning and end of the zone.

The two principal arboreal pollen (AP) components are Picea and

Pinus. The percentage of Picea pollen increases from 13% (7.1 m.) to

22% (4.8 m.). Three categories of pine pollen are shown on the diagram.

The only regional species of Pinm subg. Strobus is Pinus Strobus, and

no pollen of this species was found between 7.1 and 5.6 m. except for a

few grains probably present as contaminants. The body width of most

pollen in the Pinus undifferentiated category (those grains in which the

germinal furrow was obscured by grain orientation, folding, or breaking)

and in the Pinus subg. Pinus category measure 35-40 /xm. Since Pinus

Banksiana has been found to be about this size (Whitehead, 1964), it

probably is the dominant pine represented in Zone T sediments. Total

Pinus pollen generally accounts for 16 or 17%) of sums between 7.1 and

5.5 m., but from 5.5 to 4.7 m., pine comprises 10 to 13% of the total.

Low percentages of pollen from Acer, Fraxinus (4-colpate grains),

Carya, and Ulmus occur sporadically throughout Zone T. Somewhat

more frequent is pollen from Quercus, Fraxinus (3-colpate grains), Be-

tula, and Carpinus or Ostrya.

Since the number of grains/cc. shows little variation in Zone T (Fig-

ure 3A), the sedimentation rate (0.062 cm./year) was probably con-

stant during accumulation of sediments assigned to this zone (Figure

3C). The rate is in the same order of magnitude as that calculated for

Rogers Lake, Connecticut (Davis, 1967b), but the rate at Rogers Lake

is about 1.7 times greater. Total pollen influx was about 1200 grains/

cm.-/yr. at the base of Zone T at Belmont Bog. Above 6.2 m., pollen

influx gradually increases until a maximum of 3000 grains is reached at

the top of the zone. A fairly sharp change in influx (1600 to 2600 grains)

occurs between 5.8 and 5.4 m.
The pollen influx diagram (Figure 4) yields some important addi-

tional details. Influx of Cyperaceae pollen (ca. 500 grains/cm.-/yr.) re-

mains more or less constant throughout the zone except for higher values

between 5.2 and 5.4 m. Influx of Gramineae, which is about 50 grains at

7.1 m., increases gradually to 200 grains at 5.6 m. and to 350 grains at

4.8 m. Influx of Picea pollen is low (ca. 150 grains) until about 5.8 m.

Above this level, influx increases to about 800 grains (4.7 m.). The mag-

nitude of pine pollen influx is similar to spruce until about 5.8 m.; how-

FrouRE 2. Relative pollen frequency diagram for Belmont Bog, Allegany
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ever, pine influx never exceeds 300 grains/cm.Vyr. in the upper portion

of Zone T. Total influx of pollen from deciduous trees is never more
than 250 grains at any one level throughout Zone T.

Zone A (4.7-3.8 m.). Abundant Picea pollen occurring in 0.9 m. of clay

is found in Zone A. The T/A boundary has been placed at 4.7 m., and
this level (4.7-4.75 m.) was dated at 12,565 ±115 yrs. B.P. Spruce
pollen increases from 22% (4.8 m.) to a maximum of 42% (4.6 m.)
early in Zone A, then gradually decreases to 18% at the top of the zone.

Total Pinus pollen increases from 8% at the bottom of the zone to

2i%. at the top. Pollen of Pinus Strobus does not begin to increase until

3.9 m. Because measured pine pollen below 3.9 m. are small, Pinus
Banksiana is probably the dominant pine represented below this level.

Besides Pinus Strobus, pollen of Abies, Tsuga, Fagus, Fraxinus (4-col-

pate), and Platanus increase in frequency between 4 m. and the end of the

zone. Fraxinus (3-colpate) and Carpinus-Ostrya increase to 5 and 7.5%
respectively upward in the zone. Several tree pollen types listed above can
be identified to species, since one or in some cases two species occur in

the northeastern United States. They are Abies balsamea, Tsuga cana-

densis, Fagus grandifolia, Fraxinus americana or F. pennsylvanica (Frax-

inus 4-colpate), Platanus occidentalis , and Fraxinus nigra. Pollen of F.

quadrangulata usually has three colpi like that of F. nigra, but because

of its southern distribution, F. quadrangulata can be eliminated.

NAP percentages remain high (25-35%) in Zone A. Upward in the

zone sedge pollen decreases from 10%. Representation of grass pollen

varies from about 10% at the bottom of the zone to 5% at 4 m. to over

12% at 3.9 m. The only other herb pollen in any abundance is from

species of Ambrosia and Artemisia and from other Compositae.

Total pollen influx, based on a sedimentation rate of 0.062 cm./yr.,

increases from 3000 grains/cm.Vyr. (4.6 m.) to 4400 grains (3.9 m.) and

finally to over 6000 grains at the top of the zone. Above 3.9 m. the

amount of pollen from Pinus Strobus and deciduous trees shows a marked

increase.

The pollen influx diagram (Figure 4) adds additional details. Influx

of Picea pollen increases from 800 grains/cm.^/yr. to a maximum of

1400 grains (4.4 m.), after which it steadily declines to 300 grains at

the boundary between Zones A and B. Influx of Abies pollen increases

from < 50 grains (4m.) to 200 grains (3.8 m.). Pine has a low influx

( < 450 grains) until 3.9 m., where a sharp increase begins. At 3.8 m.

2000 grains were deposited/cm.^/yr., and a further increase occurs above

this level. Between 4.6 and 4.4 m., influx rates for Quercus, Carpinus-

Ostrya, and Salix double, and these higher rates are maintained to the

top of Zone A. At the beginning of the zone influx of Cyperaceae and

Gramineae is 300 and 225 grains respectively. Both drop to a low of

120 grains within Zone A and then return to higher values at the zone

A/B boundary.
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Zone B (3.8-3.2 m.). Assemblages of pine pollen characteristic of Zone

B were deposited in three different types of sediment. The bottom 0.075

m. of sediment is clay. The transition from clay to gyttja occurs between

3.75 and 3.7 m. and is dated at 10.945 ± 65 yrs. B.P. (H: 4125-3279).

A thin layer of gyttja (0.25 m.) accumulated over a period of about

850 years, after which the sediment changed to peat. The gyttja/peat

transition (3.50-3.45 m.) has been dated at 10,100 i 100 yrs. B.P. (H:

4125-3278). The remainder of Zone B sediment is peat.

In the relative frequency pollen diagram (Figure 2) all three Pinus

curves show maximum percentages at 3.5 m. At this depth total Pinus

is nearly 60'yc of the percentage base. Pinus Strobus accounts for at least

one-third of this total and perhaps more, since some of the grains in the

Pinus undifferentiated category are probably Pinus Strobus. However,
the small size of many grains in Pinus subg. Pinus and Pinus undiffer-

entiated categories indicate that Pinus Banksiana was also present. Spruce

pollen decreases from 1% at the base of the zone to 1% at 3.5 m. and
completely disappears near the B/C-1 boundary. Abies increases to S'^/o

near the base of the zone and declines to 1% at the transition to Zone
C-1. Percentages of deciduous tree pollen remain more or less constant

during Zone B.

Between 10 and 25^0 of Zone B pollen sums are in the NAP category.

Alnus, which accounts for most of the NAP, increases from 0% (at 2>.S

m.) to 12.5% at 3.2 m. Cyperaceae decline from 7% (at 3.8 m.) to 2%
value that is maintained for the rest of the zone. Pollen of

other Compositae has nearly

disappeared by the middle of Zone B. Pollen of aquatic or semiaquatic
plants such as Potentilla palustris, Potamogeton, Myriophyllum, and
Sagittaria disappear above 3.6 m., while bog inhabitors (Ericaceae, A'e-

mopanthus, and Sarracenia) are first detected between 3.5 and i.3 m.
Spores of species in the Polypodiaceae, Osmundaceae, and Sphagnum in-

crease from < 1% to about 5%.
The number of grains/cc. (Figure 3A) increases by a factor of 10

from 7 X lOMo 7 X 10-^ (3.8-3.5 m.) and then decreases to 4.3 X 10^

{Z3 m.). The sedimentation rate (see Figure 3C) changes three times
in the zone. The deposition rate of clay is assumed to be the same as in

Zones T and A. With the use of the radiocarbon dates that bracket the
thin layer of gyttja, its sedimentation rate was calculated to be 0.03 cm./
yr. Above 3.45 m., too few radiocarbon dates were obtained to accurate-
ly calculate a deposition rate for the peat. Hence, the pollen influx dia-

gram (Figure 4) ends at 3.5 m. From 3.8 to 3.5 m., Picea influx de-
creases from 300 to 200 grains/cm.Vyr. Pollen influx of both Abies and
Pinus increases, Abies from 200 to 750 grains and Pinus from 2000 to

9600 grains. Influx values for Quercus, Betula, and Alnus also increase,

while values for Fraxinus (3-colpate), Carpinus-Ostrya, Cyperaceae, and
Gramineae either decline or remain constant.

For the upper i.Z m. of sediment, an absolute frequency diagram
(grains/cc.) was prepared. Although absolute pollen diagrams do not
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Figure 4. Diagrams of absolute pollen frequency (upper half) and pollen influx (lower half) at Belmont
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eliminate the influence of sedimentation rate on p(

allow the problem of interdependence of percentages to be bypassed. Too
little of Zone B is shown on the absolute pollen diagram (Figure 4) to

warrant discussion at this point.

Zone C-1 (3.2-2.3 m.). High relative numbers of Tsuga pollen char-

acterize Zone C-1, which is recorded in 0.9 m. of peat. The boundary
between Zones B and C-1 (3.2 m.) was placed at the middle of the Pinus

decline and the Tsuga rise. Total pine pollen decreases from 34 to < 5%
upward in the zone. On the basis of size measurements and morphology,

most pine pollen was contributed by Pinus Strobus. No pollen assignable

to the Pinus subg. Pinus category occurs in Zone C-1, although P. resi-

nosa pollen is possibly a significant proportion of the Pinus undifferentiated

category. Hemlock pollen increases from 17% to a peak of > 65% at

2.5 m. Sediment between 2.47 and 2.52 m. was dated at 4715 ± 40 yrs.

B.P. (H: 4124-3296).

Pollen of FaguSj Acer, and Betula increase slightly in percentage,

while representation of other trees remains constant. The total per-

centage of NAP is low (< 5%) throughout the zone, except at 3.1 m.,

where abundant Alnus pollen was recorded. Pollen and spores from

known and presumed bog species fluctuate greatly in the zone. Spores

of Sphagnum reach a maximum of 8% at 2.9 m. and gradually decrease up-

ward. Osmundaceae rise from 5% (at 3.2 m.) to 25% at 2.7 m. and de-

cline to 10% at the top of Zone C-1. Spores of members of the Poly-

podiaceae reach a maximum of > 30% at 2.5 m. Nemopanthus pollen,

which was < 1% at 2.8 m., attains a maximum of 17% at the C-l/C-2

boundary.

The absolute number of grains/cc. (Figure 3A) reaches 8.9 X 10^

at 2.9 m., then declines to 1.5 X 10'' at the end of the zone. The abso-

lute frequency diagram (Figure 4) shows some interesting trends. Tsuga

pollen concentration increases upward in the zone, and at 2.5 m. its maxi-

mum concentration occurs. Maximum percentages of Tsuga also occur

at this depth. However, the extent of the increase may be diminished by
an increase in the sedimentation rate at the C-l/C-2 transition (see Fig-

ure 3C). Above 2.5 m., the absolute number of Tsuga pollen decreases.

Spores from members of the Osmundaceae reach a maximum value at

2.9 m. and become gradually less abundant upward in Zone C-1. Both

Nemopanthus and Polypodiaceae reach maximum numbers in the last

0.2 m. of Zone C-1 sediment.

Zone C-2 (2.3-0.9 m.). The most significant event in Zone C-2 is the

Tsuga decline. The C-l/C-2 boundary was placed at 2.3 m. halfway

through the abrupt decrease in percentages of Tsuga pollen (Figure 2).

Tsuga percentages remain low (< 10%) until the end of Zone C-2

(0.9 m.), where an increase to 20% occurs. Near the center of Zone
C-2, sediment was dated at 3390 ± 55 yrs. B.P. (H: 4123-3277). Dur-
ing the interval of lowest Tsuga frequency (2.1-1 m.), percentages of

Pinus, Fagus, Acer, Quercus, and Betula increase. NAP percentages re-
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main low throughout the zone ( < 5%). Percentages of pollen and spores
of bog species vary considerably within the zone. Significant amounts of
Ericaceae (ca. 5%) are first detected at 1.9 m. At the base of Zone C-2
Nemopanthus has reached 17% of the sum; however, it becomes greatly
diminished upward. Both Polypodiaceae and Osmundaceae decline from
high values at the beginning of the zone and then disappear near its

end. Sphagnum increases from < 5% {2.i m.) to 20% (2.1 m.), but
it also disappears near the end of the zone. The absolute pollen diagram
shows that the number of grains/cc. of Pinus, Fagus, Acer, Quercus, Bet-
ula, and Carpinus-Ostrya increase and exceed the number of grains/cc.
of Tsuga throughout most of the zone.

Zone C-3a (0.9-0.25 m.). Increased percentages of Tsuga pollen char-
acterize Zone C-3a. The C-2/C-3a transition was placed at 0.9 m. near
the midpoint of Tsuga increase. Within the zone Tsuga reaches a maximum
of 37% near the C-3a/C-3b boundary. Total Pinus pollen increases
gradually from 10% to 25%. Fagus decreases from 21% to 7% in the
same interval. Percentages of Acer decrease slightly.

The number of grains/cc. undergoes considerable change (Figure 3A),
varying from 2.2 X 10'^ grains (0.9 m.) to 1.0 X 10^ (0.4 m.) to 2.5 X
10^' grains (0.30 m.). The number of Tsuga grains/cc. increases from 1.2

X lOMl m.) to 4.6 X 10^ (0.9 m.) and to 8.0 X 10^ near the top of
Oie zone. As m the relative frequency diagram, the absolute number of
Fagus and Acer pollen decreases. Sediments between 0.47 and 42 m
gave a radiocarbon age of 496 ± 26 yrs. B.P. (H: 4122-3286).

Zone C-3b (0.3-0 m.). This, the topmost zone of the profile, is char-
acterized by high values for NAP categories, especially Gramineae and
Ambrosia. Upward in the zone, Gramineae increases from 5% to 10%.
In the same mterval Ambrosia increases from about 2.5% (0.25 m ) to
257o (0.1 m.), although only 13% Ambrosia pollen occurs in the surface
sample. A reduction of Tsuga representation from about 25% to 2%
occurs upward in the zone. Percentages of Fagus and Betula also decline.
After mitial lows, Pinus, Acer, and Quercus show increases above 0.1 m.
rwo groups of bog plants markedly increase in Zone C-3b, Ericaceae
from 2% (0.3 m.) to 18% (surface) and Sphagnum to 22% above 0.1 m.
The number of grains/cc. (Figure 3A) decreases from 2.5 X 10^ to

2^0 X 10' upward in the zone. The absolute pollen diagram (Figure 4)
shows decreases for all categories recognized.

Surface Samples

To facilitate interpretation of the fossil pollen spectra, particularly
Zone C assemblages, surface samples were collected from several mature
undisturbed forest stands. Three samples obtained from sites in north-
western Pennsylvania (Cook Forest, Hearts Content, and Tionesta Scenic
Area) are graphed in Figure 5 (see also Appendix D). Surface and
presettlement (0.3 m.) spectra from Belmont Bog are included for com-



Figure 5. Surface pollen assemblages from sites in west-central New York
State and northwestern Pennsylvania. Percentage base for Belmont Bog 1 in-

cluded agricultural indicators; for Belmont Bog 2, agricultural indicators were
excluded from the percentage base.

parison. The surface sample from the bog has been calculated both in-

cluding (Belmont Bog 1) and excluding (Belmont Bog 2) agricultural

indicators {Ambrosia, Chenopodiaceae-Amaranthaceae, Gramineae, Plan-

tago). The most important trees in these samples are Pinus, Tsuga, Quer-
cus, and Befula. NAP values are generally low (< 10%), except for

the Belmont Bog surface sample.

INTERPRETATION AND DISCUSSION

Vegetation Reconstruction

Zone T (16,400- to 12,500 yrs. B.P.). Zone T spans a period of 3900
years and is characterized by high percentages of pollen of herbs. The
pollen assemblages represent an open, tundralike vegetation, but the ex-

act nature of this vegetation, particularly the density of trees (if indeed

any occurred near the depositional basin), is uncertain. Zone T pollen

assemblages from Belmont Bog are in general similar to equivalent spec-

tra at other sites in glaciated North America (Davis, 1967a), except

that in the Midwest more spruce and less pine occurs, while in New
England the reverse is true. Belmont Bog spectra are intermediate in

this regard. Even though Zone T at Belmont Bog spans a much longer

interval of time, its floristic composition is almost identical to Zone T
at Allenberg Bog (Miller, 1973), which is 80 km. to the west in New
York State. Zone T pollen assemblages at these sites compare well with
surface pollen accumulations from the boreal forest-tundra ecotone at

Fort Churchill, Manitoba (Ritchie & Lichti-Federovich, 1967). Also
similar are spectra from a site 350 km. to the south in Maryland which

^This date is estimated assuming constant sedimentation rate (see Figure 3C).
Estimated dates are marked with an asterisk.
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show that tundra extended far southward in the Appalachians between

18,500 and 12,600 years ago (Maxwell & Davis, 1972).

Division of Zone T into two parts, one interpreted as treeless tundra

with an extreme climate and the other as park-tundra with scattered

trees and perhaps a warmer climate, is indicated by the pollen influx

data. Between 7.1 and 5.8 m. (16,400*-14,200* yrs. B.P.), 1200 to 1600

grains/cm.Vyr. were deposited. Pollen influx of this magnitude is well

within the range of values given by Davis et al. (1973) for tundra re-

gions. Sedges account for almost half of the influx (500 grains/cm.2)

;

Picea and Pinus each have values of 150 grains, and 50 grains of Quercus

occur. Low influx values for these trees indicate that they probably were

absent from the region around Belmont Bog early in Zone T time.

The upper park-tundra subzone (5.8-4.7 m.; 14,200*-12,500 yrs.

B.P.) was deposited during retreat of ice from western New York, in

particular during withdrawal from the Lake Escarpment/Valley Heads

and younger moraines (see dates in Calkin, 1970). In the upper part

of Zone T, pollen influx increases from 1600 to 3000 grains/cm.Vyr-

These values fit those available for forest-tundra vegetation with sparse

stands of Picea glauca and P. mariana (Ritchie & Lichti-Federovich,

1967). Influx values for Cyperaceae and Gramineae increase slightly,

and at other sites this increase in pollen production has been accounted

for by a warming climate or by the increased protection offered by trees

(Davis, 1969b). Influx values for Pinus and Quercus remain more or

less constant in the upper part of Zone T, indicating that they were prob-

ably still absent from surfaces near the site. In contrast, influx values

for spruce rise from 300 to 850 grains upward in the zone, meaning that

spruce had become established in scattered stands near the basin late in

Zone T time. During this period spruce seems to have migrated closer

to the basin at a rate much faster than that of either pine or oak.

Based on the relative frequency diagram. Zone T at Belmont Bog
shows little internal differentiation. No major fluctuations of pollen per-

centages are present which can be correlated conclusively with oscillations

of ice fronts to the north. There is no evidence of any change in climate

during the period in which Zone T sediments accumulated except for

gradual warming between 16,400* and 12,500 yrs. B.P. These results

support Davis and Deevey's contention (1964) that percentage fluctuations

of pollen present in southern New England in zones comparable to Zone
T in western New York have little relationship to vegetation change,

since they involve small absolute numbers of grains. The results also

agree with prespruce zone pollen profiles in Minnesota (Gushing, 1967),

where no vegetation changes have been found to correlate with fluctua-

ZoNE A (12,500 to 11,000 yrs. B.P.). During the 1500 years represented

by Zone A, vegetation adjacent to the Belmont Bog depositional basin

was probably open spruce woodland. There are several pieces of evi-

dence indicating that the vegetation was open rather than closed spruce
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forest. Percentages of spruce pollen in the zone are low (42% of the

pollen sum), and NAP percentages are unusually high (25-307o). In

addition, certain nonarboreal plants represented in the zone, such as

Salix (which reaches maximum values in Zone A), Epilobium, Campanula,
Ambrosia, Chenopodiaceae or Amaranthaceae, Caryophyllaceae, Thalk-
trum, and Artemisia, have high light requirements. Influx values for

Gramineae and Cyperaceae are maintained at significant levels (ca. 300
grains/cm.2/yr.) but are slightly reduced from values in Zone T. Total
pollen influx for Zone A spectra (3000 to 6000 grains) compares well

with the range of values given in Davis et al. (1973) for spruce wood-
land.

A comparable zone of low spruce and relatively high NAP percentages
was found at the nearby Genesee Valley Peat Works (Figure 6). Miller

(1973) had difficulty interpreting this zone and suggested two alterna-

tives. One was that spruce forest existed in the uplands around the site

and species contributing NAP occurred in marshes on poorly drained
surfaces adjacent to the basin. If this situation prevailed, less NAP
should be present at Belmont Bog, where the surrounding slopes are
steep. Sampling sites close to each other but at a critical distance help
separate local and regional components of the pollen rain (Turner, 1970;
Brubaker, 1973), and since Zone A sediments at both sites have high
percentages of NAP, local influences appear to be ruled out. Consequent-
ly, the second alternative, sparse spruce woodland, is supported by data
from Belmont Bog.

Spruce is the most abundant pollen type found in Zone A. Forty-two
per cent Picea pollen is present near the bottom of the zone, and maxi-
mum mflux values (1350 grains/cm.-/yr.) also occur at this level. There-
fore, Picea should have reached its maximum density in the vegetation
early m Zone A, just above sediments radiocarbon dated at 12,565 yrs.
B.P. Sediments from 4.4 to 3.8 m. record a steady decline in Picea influx
and slight mcreases in influx of other species. Although only the num-
ber of grams/cc. was determined for sediments from the Genesee Valley
Peat Works (Figure 3B), these data agree closely with determinations of
the same variable at Belmont Bog (Figure 3A). Total pollen concentra-
tion in Zone A ranges from 4.2 to 8.5 X 10^ grains/cc. at the Peat Works
and from 4.5 to 7.1 X 10^ at Belmont Bog. The maximum number of
spruce pollen/cc. at both sites is nearly the same (16.000 at the Peat
Works versus 22,000 at Belmont Bog), and these values are reached at
equivalent levels.

of Cyperaceae pol-
len occur at the Peat Works (17,400) and Belmont Bog (17,200). The
general correspondence of the absolute pollen data indicates regional con-
tinuity in the vegetation during Zone A time.

Influx of pine pollen remains low (ca. 400 grains) until 3.9 m. With-
out macrofossils it is impossible to determine if either Pinus Banksiam
or P. resmosa was present or when in Zone A time pine reached the
region near the depositional basin. Indeed, both pines may have occurred,
even though total pine influx values are low. These pines probably do
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not produce as much pollen as P. Strobus (Davis et al, 1973) ; therefore,

the increase in influx above 3.9 m. may relate to an abrupt appearance
of P. Strobus at this level. Alternatively, P. Banksiana and P. resinosa

could have been absent or very sparsely represented in the region until

later in Zone A time (above 3.9 m.) when they increased in abundance
with Pinus Strobus.

Higher influx values for Quercus, Fraxinus, Carpinus-Ostrya, and Sa-

lix indicate that these species either migrated closer to the depositional

basin or increased in abundance as Pkea decreased.

Zone A at Belmont Bog differs in some respects from other late-glacial

profiles in eastern North America. The spruce (A) zone at Belmont is

much shorter than those recorded at many New England and Midwest
sites. The New England A zone has been subdivided into spruce-hard-

wood (12,000-10,500 yrs. B.P.) and spruce-f^r (10,500-9500 yrs. B.P.)

subzones. In the Great Lakes region the spruce zone can be split into

spruce-hardwood (12,000-11,500 yrs. B.P.) and spxuce-Artemisia (11,500
yrs. B.P.) subzones (Davis, 1967a). Belmont Bog has only a spruce-

hardwood subzone. Spruce was abundant for only several hundred years,

and it became of minor importance after 1 1,000 yrs. B.P. Zone A pollen as-

semblages at Belmont Bog compare better with similar spectra at lo-

calities south of the limit of glaciation. At sites on the New Jersey

Coastal Plain, Sirkin et al. (1970) determined that a short spruce zone

was rapidly replaced by one in which oak pollen was prominent. Martin

(1958) noted the complete absence of a spruce zone in southeastern

Pennsylvania and concluded that the climate went from one too cold to

one too warm for spruce. In this region the vegetation changed directly

from park-tundra to pine forest. Spruce-rich vegetation persisted for

much less than 1500 years around the site of Belmont Bog.

The age determination at Belmont Bog for abrupt rise in spruce pol-

len influx, which marks the beginning of Zone A, corresponds closely

with a previously reported date (12,730 ± 200 yrs. B.P.; Calkin & Mc-
Andrews, 1969) for the same event at a site in Erie County, New York,

some 80 km. to the northwest.

Zone B (11,000 to ca. 8500 yrs. B.P.). The interval of time spanned by
Zone B has only been approximately dated. Sediments at the bottom of

the zone are about 11,000 years old on the basis of a radiocarbon date

of 10,945 yrs. B.P. at 3.7 m. No date is available for the top of the

zone. However, an estimate based on the sedimentation rate (Figure
3C) puts it between 9000 and 8500 yrs. B.P. The zone is characterized

by a pine maximum at 3.5 m. The total influx at this depth is 2.3 X 10*

grains/cm.2/yr., which is low compared with modern sites in pine forest

in Michigan (Davis et al, 1973). Influx of this magnitude is, however,

within the known range of values, and the difference may relate to the

morphology of the basin at Belmont Bog.
The pine maximum at Belmont is dated at 10,100 yrs. B.P. This is
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about 1000 years earlier than the pine maximum at Protection Bog (Mil-

ler, 1973), which is 70 km. to the northwest, and at Crystal Lake, 200 km.

to the southwest in Pennsylvania (Walker & Hartman, 1960). The ab-

sence of synchroneity between these dates could relate to occurrence

during sedimentation of ^^C deficient carbonate from local bedrock or

till. Carbonates from such sources in limnic sediments produce age de-

terminations that are somewhat too old. The presence of fossils of the

calcicolous moss Meesia triquetra at equivalent levels in the basin of the

Genesee Valley Peat Works (Miller, 1973) indicates that pond waters

at this site, and perhaps in the basin of Belmont Bog as well, were some-

what calcareous.

Zone B at the nearby Genesee Valley Peat Works (Figure 6) is

broader than that at Belmont Bog. However, the same time interval

is probably represented, and the narrower zone at Belmont may be the

result of slower sediment accumulation. Some variation in Zone B be-

tween the two sites could also be from differences in the local pollen rain.

One clear difference in local pollen rain is evident. Pollen of Alnus is

very abundant in B and lower C-1 Zone sediments at Belmont Bog,

but Alnus pollen does not occur in Zone B at the Peat Works.

It has been speculated that the abrupt decline in spruce and subse-

quent rise in pine recorded at many sites in the northeastern United

States was due to climatic warming, which occurred about 10,000 years

ago (Ogden, 1967). However, profiles from Belmont Bog and the Gen-

esee Valley Peat Works show a gradual decline in spruce woodland

during Zone A time. An increase in pine did not occur until Pinus Strobus

reached the area 11,000 years ago, by which time spruce abundance was

greatly diminished. Hemlock also appears to have migrated into or

nearer the region of Belmont Bog at the same time.

Recent research on stable isotopes in Lake Erie sediments (Fritz et al.,

1975), combined with results from Belmont Bog, permits the following

summary of late and early postglacial events. According to Fritz et al.

(1975), there were two periods of climatic improvement, one from

13,000 to 12,000 yrs. B.P. and the other between 10,000 and 8000 yrs.

B.P. Because of its location and long sedimentary record, vegetation re-

corded at Belmont Bog probably reflects both of these changes. The
first climatic improvement can be correlated with the transition to spruce

woodland. The date for this transition at Belmont Bog (12,500 yrs. B.P.)

compares favorably with an inferred date for a rise in spruce recorded in

sediments of Lake Erie. However, the gradual decline in spruce begin-

ning near the base of Zone A is more difficult to explain. Perhaps the

climate warmed too fast or surfaces became edaphically unsuited for

spruce regeneration and persistence. Pines and/or hemlock could not

immediately replace spruce, since they did not enter the area or expand
until about 11,000 yrs. B.P.

An alternative explanation for the drop in spruce influx is climatic de-

during Zone A time. Fritz et al. (1975) acknowledge that

nitial increase, temperatures could have slowly dropped again
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as they did in Great Britain. Unfortunately, there is an hiatus in their

record between 12,500 and 10,500 yrs. B.P. caused by low water levels

in an ancestral stage of Lake Erie. If a drop in temperature did occur,

the region of Belmont Bog might have been more sensitive to it than
lowland sites to the north because of its relatively high elevation (497 m.).

The second climatic improvement recognized by Fritz et al. (1975),
which occurred between 10,000 and 8000 yrs. B.P., can be correlated

with events in the upper part of Zone B. Maximum total pine influx,

which represents the maximum abundance of pine in the vegetation, is

reached at 3.5 m. (10,100 yrs. B.P.). This is just before the warming inter-

val occurred. After the climatic change, the environment became more fa-

vorable to the development of vegetation with abundant hemlock. Fur-

ther research, including more radiocarbon dated profiles north and south

of Belmont Bog, is needed before details of the shift from pine to hemlock
domination can be established.

Zone C-1 (8500 to 4400 yrs. B.P.). Forests dominated by Tsuga cana-

densis are recorded in the sediments of this zone. After 8500 yrs. B.P.,

tiie climate of western New York appears to have become more uniform,

and vegetation changes appear synchronous. Miller (1973) has described

the nature of this zone in detail, and results from Belmont Bog support

his conclusions. A pollen assemblage (Figure 5) from a surface sample

collected in the Tionesta Scenic Area, Allegheny National Forest (McKean
County, Pennsylvania) matches well most Zone C-1 pollen spectra. This in-

dicates close correspondence between the existing vegetation of the Tionesta

area and that present during Zone C-1 time near Belmont Bog. The
average basal area/acre of trees in the virgin forest along East Tionesta

Creek (Hough, 1936) is about 140 ft.Vacre, of which 63% is Tsuga

canadensis, 20% is Fagus grandifolia, and 4% is Acer saccharum. The
remaining 3% is Acer rubrum, Betula lenta, Betula lutea, and Prunus

serotina. The two dominants, Tsuga canadensis and Fagus grandifolia,

occur not only on middle and lower slopes but also on plateaus.

Events in the development of the peat deposit in the basin are recorded

in sediments included in Zone C-1 and the transition to Zone C-2. Since

only the lower portion of Zone C-1 occurs at the Genesee Valley Peat

Works (Figure 6), the regional significance of events above this level

can not be determined. It is interesting that just before the record ends

at the Peat Works, maximum percentages of Osmundaceae occur. At a

comparable level Belmont Bog has a similar peak of Osmunda spores,

followed by peaks in curves for Polypodiaceae and Nemopanthus higher

in Zone C-I. Pollen preserved in sediments recording the transition from
Zone C-1 to Zone C-2 is badly corroded. Also, there is a high in the abso-

lute pollen frequency curve (Figure 3A) near the transition. This evi-

dence indicates that the water table of the bog may have dropped (as

a response to drought?), allowing peat to become oxidized. As the mat
dried out, ferns (Osmundaceae and Polypodiaceae) and shrubs {Nemo-
panthus) invaded it. These categories are also included in the absolute
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pollen frequency diagram (Figure 4), which shows the magnitude of

their representation at the C-l/C-2 transition. At the beginning of Zone
C-2, return to a higher water table is indicated by increases in Sphagnum
and Typha and a decrease in the absolute number of grains/cc, implying

a faster sedimentation rate.

It is tempting to correlate this reconstruction of bog development with
the abrupt decline of hemlock at about 4400 yrs. B.P. IMiller (1973) sug-

gested that the decline could be due to several years of severe drought.

However, the drought may not have been intense and of short duration,

but rather a gradual drying, as is indicated by the behavior of bog plants

in the Belmont pollen record. Hemlock populations weakened by such
droughts may also have been adversely affected by a normally innocuous
biotic agent, such as some insect or fungus.

Zone C-2 (ca. 4400 to ca. 1700 yrs. B.P.). Low percentages of hemlock
pollen are recorded in the 2700 years represented by Zone C-2 at Bel-
mont Bog. After the abrupt decline of hemlock, succession occurred, and
Fagus grandijolia, Betula, Acer saccharum, and Quercus became more
abundant. These results correlate well with those of Miller (1973) and
indicate that postglacial vegetation change was synchronous in western
New York.

Zone C-3a (ca. 1700 to ca. 175 yrs. B.P.). Approximately 1700 years ago,
hemlock began to regain its former dominance in the forest. The in-

crease in Tsuga pollen is accompanied by decreases in percentages of Fa-
gus and Acer pollen. The bottom of Zone C-3a is marked by a small but
significant increase in Castanea pollen. Castanea increases in Zone C-3
at Rogers Lake, Connecticut (Davis, 1969a), but in western New York
large percentages of chestnut pollen have been detected only at Allen-
berg Bog (Miller, 1973). In southwestern New York during Zone C-3a,
the abundance of chestnut increased, probably on south-facing slopes, a
preferred habitat in presettlement forests.

A modern analogue of vegetation recorded at Belmont Bog prior to
settlement by European man is Cook Forest, a state park in Clarion
County, Pennsylvania, about 30 km. south of the Tionesta Scenic Area.
Most of the basal area at Cook Forest (62%) is even-aged white pine
which began after fire 320 years ago. Only a few white pines older than
this were found (Hough & Forbes, 1943). Hemlock accounts for 36%
of the basal area (Morey, 1936). Forest surrounding Belmont Bog be-
fore settlement probably contained a similar stand of white pine.

Zone C-3b (175 calendar yrs. B.P. to present). The upper 0.25 m. of peat
contains postsettlement spectra. This zone is characterized by increased
percentages of NAP taxa, particularly Ambrosia and Gramineae.
The resolution of the profile in Zone C-3b is not good enough to show

clearly events of settlement. However, a few historical trends can be
detected. The lumbering and clearing of land for agriculture caused a
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sharp decline in AP percentages from 0.25 to 0.10 m. Above 0.1 m., per-

centages of Tsuga, Fagus, and Betula continue to decrease, while Pinus,

Acer, and Quercus increase. This is possibly due to the cutting of second

growth stands and virgin timber.

Increasing percentages of Pinus, Acer (mostly Acer rubrum), and Quer-

cus are probably due to forest succession, which occurred as more farm-

land in the region was abandoned. A decrease in Ambrosia between 0.1

m. and the surface also indicates a decrease in open areas with abundant
weeds and an associated increase in forested land.

Evidence for the great importance of hemlock in the Zone C-3 and
C-1 forests is provided by the surface pollen assemblage. Although hem-
lock accounts for only 2% of total pollen in the surface sample, hemlock
is the second most important species (after white pine) in the forest

around the bog and the second most important species on the north-

facing slope. Hemlock pollen is somewhat overrepresented in the pollen

record (Davis & Goodlett, 1960; Miller, 1973), so perhaps sites used for

vegetation analysis were atypical for the region which contributes pollen

to the Belmont Bog sedimentary basin. Nevertheless, hemlock must have

been much more abundant, possibly occurring in almost pure stands,

around Belmont Bog in the past.

Age of the Olean Drift

The oldest radiocarbon age of sediment in the basin is 12.565 ± 115

yrs. B.P. With the use of this date and the date immediately above, both

of which are of organic matter in clay, the sedimentation rate was cal-

culated to be 0.062 cm./yr. It is probable that sediment below 4.75 m.

accumulated at a similar rate, because pollen influx was more or less

constant during Zone T. This assumption having been accepted, the

deepest sediments are about 16,400 radiocarbon years old. Since most

workers consider the Olean drift to have been deposited in the early or

middle Wisconsinan, a date of 16,400 yrs. B.P. seems much too young.

The reason older sediments were not found in the Belmont Bog basin

is uncertain. The basin may in fact not be on Olean till but on younger

drift perhaps of Kent age (23,000-17,000 yrs. B.P.). Terminal moraines

in southwestern New York are not like the well-defined moraines of the

Midwest, and consequently Kent ice perhaps advanced farther than the

position thought to mark its maximum extent. Although we have not

attempted to trace the Kent terminal moraine, it occurs within 4.8 km.
of the site (Muller, 1957), and an error in mapping would be relatively

A second possibility is that the basin is actually situated on drift of

Olean age and the truncated record is due to failure to collect all the

sediment. Since the basin is close to the Kent margin, coarse outwash

could have been deposited in it. The auger used for sampling may have

been stopped by cobbles of outwash sediment.

A third alternative is that the ice block left by Olean ice did not melt
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immediately. The climate was perhaps so severe that melting did not

start until the onset of warming associated with the Erie Interstade.

Lake deposits in Minnesota show a lag between ice retreat and the begin-

ning of deposition (Florin & Wright, 1969). Unlike Belmont Bog, how-

ever, such deposits characteristically have a layer of coarse plant debris

directly above till and below lacustrine sediment. The organic debris

represents material deposited on the surface of the buried ice block be-

fore it melted.

SUMMARY

1. Pollen recovered from a 7.1 m. sediment column from Belmont Bog
shows regional changes in late-glacial and postglacial vegetation when com-

pared with the pollen record from the nearby Genesee Valley Peat

Works. These sites are located in the Allegheny Plateau section of

southwestern New York State, 40 km. inside the southern limit of

Wisconsinan glaciation. The depositional basin is on a surface gen-

erally considered to have been deposited by Olean ice. The age of the

Olean drift is unknown but is thought to be early or middle Wisconsinan.

2. Before European settlement, much of the region around Belmont
Bog was covered with Hemlock-white pine-northern hardwood forest,

stands of which graded into Oak-chestnut forest that occupied dry, ex-

posed, south-facing slopes. Today, nearly all of the forest has been cut

over. Northern hardwood and Oak second-growth forests are found
adjacent to the bog.

3. Seven zones (T, A, B, C-1, C-2, C-3a, C-3b) were recognized in the

pollen record. The lowest, Zone T, represents about 3900 years of

tundralike vegetation. Based on pollen influx data, the zone can be di-

vided into two parts, treeless tundra with perhaps an extreme climate

(16,400-14,200 yrs. B.P.) and park-tundra with a slightly warmer cli-

mate (14,200-12,500 yrs. B.P.).

4. The base of Zone A was dated at 12,565 ± 115 yrs. B.P., which
correlates with a warming period proposed for that time by Fritz et al.

(1975). Early in Zone A time, open spruce woodland surrounded the

depositional basin. Spruce pollen, which was never too abundant (gen-

erally < 30%), reached maximum values early in the zone. Percentages
of NAP remained high throughout the interval, indicating that open
conditions persisted.

5. The interval of time spanned by Zone B has not been determined
directly. The bottom of the zone was dated 10,945 ± 65 yrs. B.P., and
based on the sedimentation rate. Zone B ended an estimated 8500 radio-

carbon years ago. The pine maximum was dated at 10,100 ± 100 yrs.

B.P., which is approximately 1000 years earlier than the pine maximum
at Protection Bog, a site 70 km. to the northwest. The second warming
interval of Fritz et al. (1975) occurred during the upper part of Zone
B and could account for the transition from a forest rich in pines to one
with abundant hemlock.
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6. Zones C-1, C-2, C-3a, and C-3b are similar to those previously de-
scribed for sites in western New York. Surface samples from virgin for-

ests in northwestern Pennsylvania match spectra in Zones C-1 and C-3a.
Sediments just below the Zone C-l/C-2 transition (the hemlock de-
cline) are 4715 d= 40 yrs. B.P. A date for the middle of Zone C-2 is

3390 ± 55 yrs. B.P. A date of 496 ± 26 yrs. B.P. from Zone C-3a was
obtained at 0.47-0.52 m.

7. Assuming a fairly uniform sedimentation rate for the basal clay in

the basin, the bottom of the deposit is estimated to be 16,400 years old.

This is much younger than the previously inferred age of the Olean ad-

vance. Possible explanations for this discrepancy are (1) that the bog
is not on Olean drift but on younger Kent till, (2) that deposition was
delayed some thousands of years, or (3) that outwash from the Kent
advance was deposited over pre-Kent sediment.
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APPENDIX

Flora of Belmont Bog and S

Eriophonim virginiciim Carex gracillima

Sanacenia purpurea Coptis groenlandica

Vaccinium Oxycoccos Cornus canadensis

Dryopteris noveboracensis
Bog Margin D. spimdosa var. intermedin

Epifagus virginiana

Trees : Lycopodium annotinum
Amelanchier arborea L. clavatum
A. he vis L. complanatum var. flabell

Maianthemum canadenseShrubs:
Cormis racemosa Mitchella repens
Ilex verticillata Oxalis montana
Lonicera Morrowii Polygonatim pubescens
Nemopanthus mucronata Trientalis borealis
Rhododendron roseum Trillium grandiftorum
Vaccinium atrococcum T. undulatum
Vaccinium angustifolium var.

hypolasium Hemlock Unit
Viburnum cassinoides

V. acerifolium Trees:

Acer rubrum
Herbs : Betula lutea
Calla palustris Fagus grandijolia **

Lemna minor Tsuga canadensis
Osmunda cinnamomea **

Herbs:

Trees: White Pine Unit

A. saccharum **
Trees:

Betula lenta

* Names after FemaM (

versity of North Carolina Heiharium (nctj).
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s pennsylvanica var. Herbs :

siibintegerrima Clintonia borealis

Popuhis tremuloides
Cypripedium acaule

Planted Species

Shrubs : Picea rubens
Vacciniiim myrtilloides Pinns resinosa

APPENDIX C

Percentages of Pollen and Spores from Belmont Bog Sediments
Not Included in Pollen Diagram

Nyssa sylvatica: 0.2% (0 cm.), 0.8% (14 cm.), 0.3% (20 cm.), 0.3% (24 cm.),
0.3% (60 cm.), 1.5% (80 cm.), 1.0% (90 cm.), 0.9% (110 cm.), 0.6%
(120 cm.), 0.9% (130 cm.), 0.6% (140 cm.), 0.9% (170 cm.), 0.3% (190
cm.), 1.6% (200 cm.), 0.3% (210 cm.), 0.6% (230 cm.), 0.3% (270 cm.),

0.6% (290 cm.).

Prunus serotina: 0.2% (0 cm.).

Liquidambar styracifliia: 0.3% (30 cm.), 0.3% (60 cm.), 0.3% (70 cm.),

0.3% (330 cm.).

Popidus: 0.4% (0 cm.), 1.5% (10 cm.), 0.8% (14 cm.), 2.3% (20 cm.),

0.9% (40 cm.), 0.6% (70 cm.), 0.3% (80 cm.), 0.6% (90 cm.), 0.6%
(110 cm.), 0.6% (120 cm.), 0.6% (140 cm.), 0.6% (170 cm.), 0.9%
(190 cm.), 1.6% (200 cm.), 0.3% (210 cm.), 0.6% (230 cm.), 0.3%
(270 cm.), 0.2% (370 cm.).

Celtis: 0.2% (400 cm.), 0.2% (460 cm.).
Moms: 0.2% (0 cm.).
Corylus: 0.4% (10 cm.), 0.4% (14 cm.), 0.3% (24 cm.), 0.3% (50 cm.),

0.3% (60 cm.), 0.3% (70 cm.), 0.3% (120 cm.), 0.6% (130 cm.), 1.2%
(170 cm.), 0.6% (190 cm.), 0.3% (200 cm.), 0.3% (210 cm.), 0.6%
(270 cm.), 0.9% (330 cm.), 0.5% (350 cm.), 0.5% (370 cm.), 0.8%
(390 cm.), 0.4% (400 cm.), 0.5% (420 cm.), 0.2% (440 cm.),

(460 cm.), 0.2% (480 cm.), 0.2% (500 cm.), 0.6% (540 cm.), ^

(560 cm.), 0.8% (580 cm.), 0.2% (620 cm.).
Myrica: 0.3% (60 cm.), 0.3% (70 cm.), 1.9% (150 cm.), 0.4% (390 i

0.2% (400 cm.), 0.2% (710 cm.).
Cephalanthus occidentalis : 7.4% (0 cm.), 0.4% (14 cm.), 0.3% (290 i

0.2%, (370 cm.).

*Sambuciis: 0.3% (40 cm.
Vitis: 0.2% (14 cm.).
Campanula: 0.2% (420 cm
Epilobium: 0.6% (460 cm.;

* Identification probable.
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Galium: 0.3% (250 cm.), 0.2% (610 cm.), 0.2% (710 cm.).

Gentiatia: 0.2% (370 cm.), 0.2% (400 cm.).

Humulus Lupuhis: 0.3% (60 cm.).

Labiatae: 0.3% (200 cm.), 0.5% (370 cm.), 0.2% (400 cm.), 0.2% (460 cm.),

0.2% (540 cm.).

Polygonum: 0.3% (330 cm.), 0.3% (350 cm.), 0.4% (400 cm.), 0.3% (520

cm.), 0.2% (560 cm.).

Sanguisorba: 0.2% (400 cm.), 0.2% (500 cm.), 0.4% (520 cm.).

Saxijraga: 0.2% (480 cm.), 0.2% (560 cm.).

Shepherdia canadensis: 0.6% (390 cm.), 0.2% (480 cm.), 0.2% (500 cm.),

0.1% (520 cm.).

Umbelliferae : 0.2% (14 cm.), 0.5% (370 cm.), 0.5% (440 cm.), 0.2% (460

cm.), 0.2% (640 cm.).

Urtica: 0.6% (400 cm.).

Caltha palustris: 0.2% (0 cm.).

Utricularia: 0.2% (420 cm.), 0.2% (460 cm.), 0.2% (580 cm.).

Botrychium: 0.1% (390 cm,), 0.1% (520 cm.).

Selaginella selaginoides : 0.1% (480 cm.).

APPENDIX D
Surface Pollen i

AND Sites in Northw

Belmont Bog Hearts

Trees, shrubs, herbs *

Picea

Pinus undifferentiated

P. subg. Strobus

Tsuga

Acer saccharum

Tilia

Fraxinus 4-colpate

Quercus

Ulmus
Acer rubrum
Betula

Carpimis-Ostrya

Platanus

Castanea

Populus
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APPENDIX D
JRFACE Pollen Assemblages from Belmont Bo

Myric

Ambrosia

High-spine Composita(

Cheno-Ams.

Plantago

Thalictriim

Other Rosaceae

Umbelliferae

Gentiana

sumAP
sum NAP

Ericaceae

Nemopanthiis

Cephalanthiis

Potentilla palustris

Sagittaria

Caltha palustris

Polypodiaceae

Lycopodiaceae

Osmundaceae
Sphagnum

Indeterminable

* Percentage base = sum AP + :

** Percentage base = sum AP -(-

t Numbers indicate percentages.

Department of Botany Pre
University of North Carolina R. W. S.

Chapel Hill, North Carolina 27514 Department of Biology

Yale University

New Haven, Connecticut 06520

N. G. M.
Harvard University

Arnold Arboretum
AND Gray Herbarium

22 DrviNiTY Avenue
Cambridge, Massachusetts 02138
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STUDIES OF PACIFIC ISLAND PLANTS, XXXIII. THE GENUS

ASCARINA (CHLORANTHACEAE) IN THE SOUTHERN PACIFIC *

Chloranthaceae (Swamy, 1953b) is of exceptional inter-

for the primitive characteristics of its xylem, which ranges from the

vesselless (condition demonstrated by Sanondra (Swaimv k \^c

to a low level of specializal[ion in ChUvanthus. Ascarina. .

(Humbert & Capuron. 1955) , and Hcd\'osmwit. Th.

some geneira of the family c;innot be as;signed either to a str

cunar type^ or to a typically trilacunar ()ne. and the pollen J

trends of aperture type frt)m sulcate to mapertu rate to

(Walker, 1974). Reproductive structure^s within th.s family highly

reduced and therefore phylogenetically advanced in comparison to those

of many other ranalean families. The component genera are morpho-

logically sharply separable and usually have discrete ranges. One may

assume that the Chloranthaceae are today represented by isolated rem-

nants of a once diverse, widespread, and ancient assemblage of angio-

sperms, in which extinction has played a ma.^or role in narrowing the

diversity of the few surviving representatives. The family is often ordi-

nally assigned to either the Piperales or the Laurales, tuit its range of

characters, some of which are extremely i^rimitive even for those orders,

together with its wide distribution and the discretenex< ot its surviving

fwould'now^'refe'? this modiUcaticm of my previous a-ignment of the

famil ' to the Laurales suborder .Monimiineae (.^mith. 1072). Walker

(1976) has Ilso pointed out the i.^olation of the family by recognizing

it as the sole component of the suborder C-hloranthineae of the order

Science Foundation. No. XXIX of this series was published in Am^ -Jou/ ^''.^,- ^"l^

1.53-147 197^; no. XXX in Brittonia 27: 151-164, 197.5; no. XXXI m Bnt oma

27: 165-171. 1975; and no. XXXII in Hot. Jour. Linn. Soc. 71: 1 .vS. 19/.^. I am

indebted to the administrators of several herbaria who have niace ""/"//^ '°
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Ascarina J. R. & G. Forster

My present concern with the Chloranthaceae stems from a need to

clarify the nomenclature of taxa of Ascarina occurring in the Fijian Re-

gion. Dr. \V. R. Sykes, of the Department of Scientific and Industrial

Research, Christchurch, has kindly called to my attention the fact that

the mid-Pacific species extending from the Solomon Islands to at least the

Cook Islands was incorrecdy assigned by Swamy (19S3a) to A. lan-

ceolata Hooker f. While investigating this situation I observed other

aspects of Swamy 's treatment which require adjustment, useful as it is

(1) Swamy, like earlier students of Ascarina, described the genus as

dioecious. While in general this is certainly the case, the occurrence of

monoecy must be pointed out in at least two specimens collected in the

Xew Hebrides. One of these, Kajewski 152, assigned by Swamy to A.

lanccolata var. smithii (herein placed in A. swamyana), bears S and

$ inflorescences; however, these inflorescences occur on separated branch-

lets and therefore it is possible (although unlikely) that Ka'ewski's ma-

terial came from two different plants. The second specimen, Bernardi

12913 (not available to Swamy and herein placed in A. diffusa), bears

i and 9 inflorescences on the same branchlet, and therefore the oc-

currence of monoecy is unquestionable and should be noted by future

students of the genus.

(2) Swamy noted that the seven species recognized by him fall into

two groups, one a predominantly western Pacific group with a single

flower-subtending bract and a $ flower with two stamens, the other a

predominantly eastern Pacific group with three flower-subtending bracts

(two of which may be considered as lateral bracteoles) and a S flower

with a single stamen. The two groups are said to overlap only in the

Solomon Islands and Xew Caledonia. However, Swamy failed to note

that a :\Iarquesan specimen. Quayle 1319 (which he cited as A. lanccolata).

falls into his "western"' group and therefore minimizes the significance

of the assumed geographic segregation. In the present treatment I con-

sider the Marquesan element to represent a new species. A. marquesensis.

(3) The only really egregious flaw in Swamy 's treatment is his failure

to typify correctly A. lanccolata Hooker f., the holotype of which was seen

by him and listed without recognition as A. lucida Hooker f. This holotype.

MacGillivray 982, comes from the Kermadec Islands. Unaccountably
Swamy designated a Rarotongan specimen, Parks 22521, as a topotype of

A. lanccolata, to which he assigned a range extending from the Solomon
Islands to the Societies and :\Iarquesas. Since .1. lanccolata is now seen

to be a Kermadec Island endemic (whether as a species or a variety), the

more widespread tropical Pacific species is left without a name unless one
interprets it to include the Raiatean A. subjalcata J. W. Moore, as Swamy
did.

(4) In fact, however, reexamination of the holotype of A. subjalcata
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indicates it to be specifically distinct from the comparatively frequent
species extending from the Solomons to the Cook Islands. The latter

taxon I am herein interpreting as a new species, A. diffusa.

(5) The modifications here suggested increase Ascarina in size from
seven to eleven species. Although I have studied only the tropical Pacific

species in detail, I believe that at present it is desirable to avoid the use
of trinomials in Ascarina, which merits a much more detailed review.
Nomenclatural changes herein proposed include (a) establishment of the
Marquesan taxon as a distinct species, (b) reestablishment of A. subjalcata
as an endemic species from Raiatea. (c) description as a new species of
a comparatively widespread Pacific taxon occurring from the Solomons
to Rarotonga, (d) elevation to specific level of A. "lanceolata" var. smithii

Swamy under the name A. swamyam, and (e) reestablishment of A. lan-

ceolata as a Kermadec Island endemic species distinct from the New
Zealand A. lucida. I herewith suggest modifications of Swamy's key to

species and append comments on nomenclature, typification, and dis-

tribution, although only the species that affect my interpretation of those

of the Fijian Region are treated in detail.

Key to species

Flowers subtended by a single bract (lateral bracteoles rarely present); $
flowers with two collateral stamens (rarely with a third, partially developed,

adaxial stamen); endocarp (as far as known) comparatively smooth.

Inflorescences with congested flowers or fruits, the branches (or simple spikes

of axillary inflorescences) 0.5-2 cm. long, the flowers or fruits essential-

ly contiguous, rarely separated on the rachis by more than 2 mm.
Leaf blades elliptic to oblong, 3.2-14 X 1.5-8.5 cm., about twice as long

as broad; branches of the terminal compound spike several, usually

spreading from a central axis; flower-subtending bracts ovate, some-

times to 1.5 mm. long; lateral bracteoles absent; anthers about 3 mm.
long and 1-1.5 mm. broad, subacuminate at apex by a projecting

connective; Philippines. Borneo, and New Guinea

\. A. philippinensis.

Leaf blades lanceolate to narrowly elliptic, 3.5-9 X 1-4 cm., more than

twice as long as broad; branches of the central axis of the terminal

compound spike 1 or 2, subascending; flower-subtending bracts broad-

ly deltoid to reniform, 0.6-1 mm. long, obtuse or rounded at apex;

lateral bracteoles occasionally present and then shared by two con-

tiguous flowers; anthers 1.2-2 mm. long and 0.6-0.9 mm. broad, ob-

tuse at apex; Marquesas Islands 2. A. marquesensis.

Inflorescences with flowers or fruits comparatively spaced on the rachis,

with 5-8 branches 1.5-3.5 cm. long, the flowers or fruits often separated

by 2-8 mm.
Leaf blades ovate to obovate, 5-14 X 2-S cm., comparatively finely crenate-

serrate. the teeth 3-7 per centimeter; flower-subtending bracts deltoid

or broadly lanceolate. 0.5-1.5 mm. long; Solomon Islands and New
Britain 3. A. maheshwarii.

Leaf blades lanceolate, 4-9 X 1-3.5 cm., coarsely crenate-serrate, the teeth
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2-5 per centimeter; flower-subtending bracts deltoid to lanceolate, 1-

2 mm. long; New Caledonia 4. A. solmsiana.

Flowers subtended by a bract and two lateral bracteoles (or, when the 9 flow-

ers are paired and subtended by a single bract, then each with three

bracteoles); S flowers with a single stamen (and sometimes with a rudi-

mentary adaxial pistil); endocarp (as far as known) verrucose or papillate.

Inflorescence branches or individual spikes (2-)3-ll cm. long at maturity,

each with 25-100 flowers.

Pistillate flowers single (only very rarely, in one specimen of species no. 6,

known to be sometimes paired); leaf blades attenuate at base and

long-decurrent on petiole.

Petioles 1-10 mm. long, the leaf blades broadly elliptic or elliptic-obo-

vate, usually 3.5-10 X 2-8 cm., averaging about twice as long as

broad, obtuse to rounded at apex, sometimes slightly emarginate,

rarely subacute, with (2-)3-5 crenations per centimeter; Society

Islands 5. A. polystachya.

Petioles (4-) 5-27 mm. long, the leaf blades lanceolate or narrowly elliptic,

usually 6-14.5 X 1.5-4.5 cm., (2.5-)3-4 times as long as broad,

bluntly acuminate at apex, with (2-) 3-8 crenations per centimeter;

Solomon Islands to Cook Islands 6. A. diffusa.

Pistillate flowers in pairs, each pair subtended by a single bract and each

flower by three subequal bracteoles; petioles (10-) 12-30 mm. long,

the leaf blades elliptic, usually 5-12 X 2.5-5 cm.. 2-2.5 times as long

as broad, acute at base, obtusely cuspidate or acuminate at apex, with

2 (or 3) conspicuous crenations per centimeter; New Hebrides and
Fiji

;

Inflorescence branches or individual spikes 1.2-3 cm. long at maturity,

with 10-50 flowers.

Flower-subtending bracts deltoid to ovate, attached to rachis at basal mar-
gin only, free on lateral margins; inflorescences with 4 or more lateral

branches, not spicate; flowers comparatively spaced, sometimes dis-

closing 1-3 mm. of the rachis.

Leaf blades elliptic, usually 2.5-6 X 1.5-3.5 cm., averaging about twice

as long as broad, callose-acute at apex, coarsely serrate with 2-4

conspicuous antrorsely projecting teeth per centimeter; inflorescences

mostly terminal, with 4-8 lateral branches; New Zealand

8. A. lucida.

Leaf blades lanceolate, usually 5-11.5 X 1-3 cm., 3-5 times as long as

broad, short-acuminate at apex.

Margins of leaf blades coarsely serrate; inflorescences mostly terminal;

Kermadec Islands. 9. A. lanceolata.

Margins of leaf blades crenate-serrate with 3-6 teeth per centimeter;

inflorescences mostly axillary, with 4 or 5 lateral branches; New
Caledonia 10. A. rubricmilis.

Flower-subtending bracts semipoculiform at anthesis; inflorescences axillary

and terminal (if axillary, spicate in ultimate leaf axils; if terminal, 3-

branched from base, the central branch 2-parted at apex of a short

peduncle); flowers congested, essentially contiguous, rarely separated

on the rachis by more than 1 mm.; leaf blades lanceolate to oblan-

ceolate, 4-7 X 1-2 cm., 3-4 times as long as broad, obtuse at apex,

inconspicuously crenate with 3-5 crenations per centimeter, the petioles

2-4 mm. long; Society Islands 11. /I. subfalcata.
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3 C. B. Robinson in Philipp. Jour. Sci. Bot.

Proc. Nat. Inst. Sci. India 19: 375. fig. 2.

1953.

Ascarina reticulata Merr. in Philipp. Jour. Sci. Bot. 12: 263. 1917.

Typification and nomenclature. The holotype of A. philippinensis

.

R. S. Williams 2541, collected on Mt. Apo, Mindanao, Philippines, on
March 31, 1905, was probably destroyed in the Bureau of Science her-

barium at Manila; however, isotypes are available at k and ny. Ascarina
reticulata is typified by Ramos & Edano (Philipp. Bur. Sci.) 26399, from
^It. Umingan, Luzon, Philippines; the holotype has presumably also

been destroyed at Manila, but isotypes are deposited at a, k, and us.

Distribution. Philippines, Borneo, and New Guinea, at elevations of

400 to 2,800 m.

Swamy has indicated that the putative differences between the two
species described from the Philippines, such as leaf texture and color

and the number of secondary nerves, are of little consequence. Having
examined most specimens cited by him and many additional ones, I am
inclined to agree that the available material from the Philippines and
Borneo, as well as much of that from New Guinea, represents a single

species. However, the variation in New Guinea is such that a detailed

study should eventually be made to determine whether more than one
New Guinean species in the group of Ascarina with two stamens should

be recognized.

Arbor dioecia ad 1.5 m. alta,

teretibus apicem versus 2-4 mm. diametro ad nodos incrassatis, petiolorum

basibus in vaginam 3-4 mm. longam connatis, stipulis veris minutis lan-

ceolatis; petiolis gracilibus 5-20 mm. longis praeter basim anguste alatis,

foliorum laminis subcoriaceis lanceolatis vel anguste ellipticis, 3.5-9 cm.
longis, 1-4 cm. latis, basi attenuatis et in petiolum longe decurrentibus.

apice subacutis vel obtusis saepe recurvato-calloso-emarginatis, margine

praeter basim versus conspicue calloso-serratis. dentibus plerumque 4 vel

5 per centimetrum, costa supra subtilit

secundariis subpatentibus utrinsecus

prominulis; inflorescentiis i solum visis terminalibus et nodos distales

axillaribus, ubi axillaribus spicatis. ubi terminalibus compositis 3-5-ramosis,

ramulis lateralibus spicatis et ad basim liberis. ramulo centrali interdum
ramulos 1 vel 2 breves gerenti, spicis vel ramulis breviter pedunculatis 5-15

mm. longis et 15-20-floris, floribus congestis admodum contiguis; bractea

sub flore late deltoidea, 0.6-1 mm. longa, 0.8-1.5 mm. lata, copiose glan-

dulosa, apice obtusa vel rotundata, margine plerumque integra interdum
suberosa; bracteolis lateralibus inter flores contiguos interdum praesentibus

anguste ovatis vel lanceolatis ad 1.5 X 0.5 mm. sed plerumque minoribus;
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(raro 3, tertio turn parviore et adaxiali), anthe

The type of the new species is

E. H. Quayle 1319, from the Marquesas Islands. In citing this collection

as A. lanceolata {A. diffusa in the present treatment), Swamy failed to

note that its $ flowers have two (and rarely even three) stamens, a fact

which excludes it from his "Group II." Quayle 1319 further differs from

A. diffusa in its short, congested, and few-flowered inflorescences.

Distribution. Apparently endemic to the Marquesas and known to

me only from the type collection, A. marquesensis is evidently a rare

species. Quayle noted that he saw it only twice on the same ridge on the

island of Nuku Hiva. Fosberg and Sachet (in ]\Iicronesica 8: 43. 1972)

mention a second Marquesan collection, Sachet & Decker 1181, from

Hiva Oa, as representing A. polystachya. I have not seen this collection,

which is not currently in the herbaria at bish and us as indicated, but

it may well represent the new species.

Marquesas Islands. NuKU HiVA: Hakaui upper plains, alt. 945-1,005 m., in

moist, shady places on the side slope of a Freycinetia-covered ridge, Oct. 10,

1922 (bark smooth, burnt sienna in color; wood white, brittle), Quayle 1319

(BiSH, holotype; isotype also at bish).

As a member of Swamy 's "Group I," A. marquesensis seems related

only to A. philippinensis, from which it differs in its proportionately nar-

rower leaf blades, its comparatively few-branched inflorescences, and its

anthers, which are smaller and obtuse at apex rather than subacuminate

and with an obvious projecting connective. F. B. H. Brown (in Bishop

Mus. Bull. 130: 99. 1935) cited Quayle 1319 as representing his Wein-

mannia marquesana var. glabrata (in which it has no type status), but

Martin L. Grant removed the specimen from the Cunoniaceae at bish

and suggested that it might represent a new species of Ascarina.

3. Ascarina maheshwarii Swamy in Proc. Nat. Inst. Sci. India 19:

377. fig. 3. 1953.

Typification and nomenclature. In describing this very distinct

species, Swamy indicated Kajewski 1681 (a) as the type of the $ plant

and Kajewski 2014 (a) as the type of the 6 plant; both are from Bou-

gainville. Since this procedure is not nomenclaturally permissible, and

since the 6 characters are perhaps more important in defining infragen-

eric relationships, 1 herewith designate Kajewski 2014 (a) as the lecto-

type; isolectotypes are available at bish, bm, and us. These specimens

and several others were annotated by Swamy with an unpublished epithet.

Distribution. New Britain and the Solomon Islands, at elevations of

600 to 2,075 m. Specimens from other Solomon Islands than Bougain-

ville and San Cristobal, cited by Swamy, are now available and are here
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Solomon Islands. Kolombangara : R. S. S. (Corner) 1195 (a, k), 1208

k). Guadalcanal: Monitor Creek, below Mt. Gallego, R. S. S. (Wkitmot

6035 (a, k); Popomanasiu, R. S. S. (Corner) 133 (a, k).

/ /

ing two stamens sub

showing subtending I
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. Ascarina solmsiana Schlechter in Bot. Jahrb. 39: 94. 1906; Swamy
in Proc. Nat. Inst. Sci. India 19: 377. fig. 4. 1953.

Typification. The holotype, Schlechter 15679, collected in January,
503, in New Caledonia, was probably destroyed at b, but isotypes are

I'ailable at bm and k.

Distribution. New Caledonia; Swamy cites only the type collection.

5. Ascarina polystachya J. R. & G. Forster, Char. Gen. PI. 59. t. 59.

1775, ed. 2. 118. t. 59. 1776; Seem. Fl. Vit. 258. 1868; Drake, 111.

Fl. Ins. Mar. Pac. 277. 1892; Swamy in Proc. Nat. Inst. Sci. India

19: 379. fig. 7. 1953.

Ascarina raiateensis J. W. Moore in Occas. Pap. Bishop Mus. 10(19): 7.

1934.

Typification and nomenclature. In proposing the genus and species

the Forsters did not cite a specimen. Their illustration shows both $
and $ inflorescences and therefore would seem to have been based on at

least two specimens. One of these, probably the $ specimen, was their

own, which was listed by both Seemann and Drake. The $ specimen
was presumably a Banks and Solander collection from the first Cook
voyage. This is the specimen described by Solander in his manuscript
Prim. Fl. Ins. Oc. Pac. 2>i^ as Psilotum serratum, a binomial listed in

synonymy by both Seemann and Drake. An illustration {i. 112) also

exists among Parkinson's unpublished drawings. Since the Forsters in

1775 had access to the Banks and Solander collection, Solander 's descrip-

tion, and Parkinson's drawing, and since the i plant is perhaps more
significant than the ? , I herewith designate as lectotype of A. polystachya
the BM specimen of Banks & Solander, collected in 1769 in Tahiti; an
isolectotype is available at bish.

The holotype of A. raiateensis is Moore 178 (bish), from Temehani
Plain, Raiatea. I believe that Swamy 's reduction of this to A. polystachya
is correct. Moore indicates that his taxon differs from A. polystachya in

its smaller, short-petiolate leaves, shorter inflorescences, and crowded
fruits with more distinctly lobed stigmas. However, among the available

Tahitian specimens are several that seem to agree precisely with Moore's
type: Grant 3764, 4235, MacDaniels 1344, and U. S. Expl. Exped. (gh,

p. p., us 40535, p. p.; the material obviously came from more than one
plant). Small, short-petiolate leaves do not seem particularly correlated

with altitude.

Distribution. Endemic to the Society Islands and thus far known
only from Tahiti and Raiatea, at elevations of 400 to 1,650 m. A few ad-
ditional specimens not listed by Swamy are here cited.

Society Islands. Tahiti: Mt. Aorai and vicinity, Fosberg & Sachet 54704
(gh, NY, us), Gillett 2241 (bish), Grant 3764 (a, bish), Webster 15272 (bish.
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Figures 5. 6. Ascarina diffusa (5 from Christopkersen 571. 6 from Benuirdi

12913): 5, tip of branchlet with 9 inflorescences. X 'l-: 6, 6 flower, showing

subtending bract, a lateral bracteole, the solitary stamen, and a hterik- pistil,

X 30 (b - fl
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); Lake Vaheria, MacDaniels j

6. Ascarina diffusa A. C. Smith, sp. nov. Figures 5-10.

Ascarina lanceolata sensu Drake, 111. Fl. Ins. Mar. Pac. 277, quoad spec. Ins.

Sam. 1892; Swamy in Proc. Nat. Inst. Sci. India 19: 377, excl. spec. Ins.

Soc. at Marq. fig. 5. 1953; J. W. Parham, PI. Fiji Isl. ed. 2. 311. quoad
var. lanceolata. 1972; non Hooker f.

Arbor dioecia vel raro monoecia 4-1 2 (-25) m. alta, ramulis subteretibus

apicem versus 1.5-2.5 mm. diametro ad nodos incrassatis. petiolorum ba-

sibus in vaginam l~i mm. longam connatis. stipulis veris lanceolatis 2-3

mm. longis; petiolis gracilibus (4-) 5-27 mm. longis praeter basim anguste

alatis, foliorum laminis subcoriaceis lanceolatis vel anguste ellipticis, (4.5-)

6-14.5 cm. longis, (1-) 1.5-4.5 cm. latis, plerumque 3-4-plo longioribus

quam latioribus. basi attenuatis et in petiolum longe decurrentibus. apice

obtuse acuminatis (apice ipso ultra dentem ultimum vulgo 5-15 mm. Ion-

go), margine praeter basim versus calloso-crenato-serratis, dentibus (2-)

3-8 per centimetrum, costa supra subtiliter sulcata subtus prominenti,

nervis secundariis patentibus vel adscendentibus utrinsecus 15-25 utrinque

prominulis vel supra subplanis. rete venularum irregulariter anastomosanti

utrinque prominulo vel subtiliter impresso; inflorescentiis terminalibus et

nodos 1-3 distales axillaribus, ubi a.xillaribus spicatis, ubi terminalibus

compositis 4- vel 5-ramosis et saepe bracteis lanceolatis subfoliaceis ad

6 mm. longis subtentis. ramulis lateralibus spicatis et ad basim plerumque

liberis, ramulis 2 vel 3 centralibus pedunculo communi enatis. pedunculis

primariis et secundariis 8-30 mm. longis, .spicis vel ramulis (2-)3-ll cm.

longis plerumque 50-100-floris (floribus 9 inflorescentiae ramulis raro

tantum 10), floribus laxe dispositis, rhachidis partibus nudis plerumque
2-6 mm. longis; bractea sub flore deltoidea, 0.5-1 mm. longa, 0.5-1.2 mm.
lata, obscure glandulosa, apice subacuta vel rotundata, bracteolis lateralibus

2 similibus sed parvioribus 0.2-0.9 mm. longis latisque; stamine in floribus

i solitario, pistillo adaxiali sterili oblongo ad 1 X 0.5 mm. cum stigmate

bilobato conspicuo interdum praesenti, anthera oblonga, 2-i mm. longa,

0.8-1.2 mm. lata, basi obtusa, apice 0.2-0.3 mm. longo conspicue mucro-

nata; floribus 5 ut $ bractea unica et bracteolis 2 subtentis, floribus $

contiguis rarissime bractea unica subtentis et turn utroque 3-bracteolato;

pistillo ellipsoideo vel ovoideo post anthesin et fructu 2-i mm. longo et

1.5-2 mm. lato, stigmate conspicuo 0.8-1.3 mm. lato, fructus endocarpio

distaliter conspicue papillato basi rotundato vel obtuso apice obtuse pro-

jecto.

Typification and nomenclaturp:. The species here described as new
was interpreted by Swamy as A. lanceolata Hooker f., but it must exclude

the type collection of that species and also the material from the Society

and Marquesas Islands cited by Swamy. As type of the new species I

designate Smith 7887, a i Fijian collection with many duplicates, cited
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flowers subtended by a single

Distribution. Uncommon in mountainous areas from the Solomon Is-

lands (Bougainville) to the Cook Islands (Rarotonga), reported from
forests or open crests at elevations of 350 to 1.825 m. (to 1,825 m. on
Bougainville, 900 m. on Tanna, 500 m. on Xgau, 1,600 m. on Savaii,

680 m. on Upolu, and nearly 1,000 m. on Rarotonga).



10 Ascarina diffusa Cfrom Smith 7887) : lowe

if blade X 10. Figures 11, 12. Ascarina

ower surface of apical portion of leaf blade, )

inflorescences, X Vi.
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Local names. Recorded local names are langolango (Fiji), logo vau

or fiti (Samoa), and kaiatea (Rarotonga).

Solomon Islands. Bougainville: Lake Luralu, Koniguru. Buin. Kajewski

2173 (A bish); Lake Loloru and rim of crater, Schodde & Craven 3915 (a,

K US) yCF (Lavarack & RidsdaJe) 31407 (a. k). New Hebrides. Tanxa:

mountains in vicinity of Lamwinaoura, Bernard! 12913 (c, us); in montane

forests. Bernardi 13132 (a, g. us I. Aneityu.m: above Anelgauhat Bay. Ka-

jewski 803 (A. BISH, K, NY. US). Fiji. VlTI Levu

Graeffe (k). Xg.au: northern spur of Mt. Ndela

June 22. 1953. Smith 7887 (us 2190693. holotype; isotypes at bish, gh, k, l,

x\Y, p. s, SUVA, uc). Fiji, without further locality, U. S. Expl. Exped. (gh, k,

us 40438). Samoa. Savaii: Mt. Maugaloa, Vanpel 494 (bish, k, ny, us);

above Matavanu, Christophersen & Hume 1996 (bish, us), 2014 (a, bish, us).

2153 (bish, us), 2167 (k, ny); Tuisivi Range. Christophersen 820 (bish, k, ny).

Upolu: Mt. Fao, Christophersen 571 (a, bish). Samoa, without further lo-

cality, U'hitmee (gh), 93 (k), Powell 237 (k). Cook Islands. Rarotonga: Mt.

Ikurangi. Wilder 827 (msn), Philipson 10257 (us); Mt. Manngotia, H. E. &
S. T. Parks 22248 (k, uc, us). 22521 (bish, gh, k, ny, uc, us); in mountains,

Cheeseman 645 (k).

As noted by Swamy, the $ flower of this species occasionally bears

an incipiently developed, adaxially placed pistil; such flowers have been

seen on specimens from the New Hebrides {Bernardi 12913) and Fiji

{U. S. Expl. Exped., Smith 7887). It must also be noted that the pri-

mary character separating this species from the next {A. swamyana),

relative to the single or paired 9 flowers, is not absolute. On a single

collection of A. diffusa from Rarotonga {Parks 22521) gradations have

been noted in this character from the usual $ flower to contiguously

appressed 9 flowers (each still subtended by its own bract) to a rare

situation in which two contiguous ? flowers are subtended by a single

bract (Figure 9).

7. Ascarina swamyana A. C. Smith, sp. nov. Figures 11-17.

Ascarina lanceolata sensu Seem, in Bonplandia 9: 259. 1861, Viti, 442. 1862.

Fl. Vit. 258, p. p. t. 74. solum quoad jig. 4. 1868; Drake, 111. Fl. Ins. Mar.

Pac. 277, quoad spec. Ins. Vit. 1892; J. W. Parham, PI. Fiji Isl. 223. 1964;

non Hooker f.

Ascarina lanceolata var. smithii Swamy in Proc. Nat. Inst. Sci. India 19: 378.

jig. 6. 1953; J. W. Parham. PI. Fiji Isl. ed. 2. 311. 1972.

Arbor gracilis dioecia vel raro monoecia 5-10 m. alta, ramulis subtereti-

bus apicem versus 1.5-3 mm. diametro ad nodos incrassatis, petiolorum

basibus in vaginam 2-3 mm. longam connatis, stipulis veris niinutis lan-

ceolatis; petiolis gracihbus (10-) 12-30 mm. longis canaliculatis apicem

versus anguste alalis, foliorum laminis subcoriaceis ellipticis, (4-) 5-12

cm. longis, (2-) 2.5-5 cm. latis, 2-2.5-plo longioribus quam latioribus,

basi acutis et in petiolum breviter decurrentibus, apice obtuse callosis et

cuspidatis vel acuminatis (apice ipso ultra dentem ultimum 3-15 mm.
longo), margine praeter basim versus calloso-crenato-serratis, dentibus 2



Figures 13-15. Ascarina swamyana (irom hajewski l3Zy. u, poruo.

spike, X 10 (s - stamen); 14. portion of 9 spike. X 10 (p = pistil);

flower, showing subtending bract, a lateral bracteolc, and the solitary i

X 30 (b = flower-subtending bract; br = lateral bracteole).
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(interdum 3) per centimetrum, costa supra acute sulcata subtus prominen-

ti, nervis secundariis patentibus utrinsecus 10-18 utrinque prominulis,

rete venularum irregular! ter anastomosanti utrinque prominulo vel piano;

inflorescentiis terminalibus et nodos 1-3 distales axillaribus, ubi axillaribus

spicatis, ubi terminalibus compositis 4- vel 5-ramosis, ramulis lateralibus

spicatis et ad basim liberis, ramulis 2 vel 3 centralibus pedunculo com-

muni enatis, pedunculis primariis et secundariis 5-20 mm. longis, spiels

vel ramulis (2-) 3-7 cm. longis plerumque 25-50-floris, floribus laxe dis-

positis, rhachidis partibus nudis plerumque 1-3 mm. longis; bractea sub

flore $ deltoidea vel reniformi, 0.7-1 mm. longa, 0.8-1.5 mm. lata, co-

piose glandulosa, apice subacuta vel rotundata, bracteolis lateralibus 2

similibus sed parvioribus 0.3-0.5 X 0.5-0.8 mm.; stamine solitario, an-

thera oblonga, 2.5-3 mm. longa, 1-1.2 mm. lata, basi obtusa, apice 0.2-

0.3 mm. longo obtuso mucronata; floribus $ binis bractea unica subtentis

utroque 3-bracteolato, bracteis bracteolisque eis $ similibus; pistillo sub-

globoso vel ovoideo post anthesin et fructu 0.7-1.5 mm. longo et 0.7-1.2

mm. lato, stigmate conspicuo 0.8-1 mm. lato, fructus endocarpio verru-

coso apice obtuso.

Typification and nomenclature. The taxon here described as a new
species was first misidentified by Seemann, on the basis of his no. 564, as

A. lanceolata Hooker f., but later in Flora Vitiensis Seemann 's concept

also included material from New Caledonia, the Kermadec Islands, and

Samoa. Concerning the figures in Seemanns 1868 illustration, only those

showing two flowering branches seem to be original. Of these, figure 4(9)
is probably based on Seemann 564 and so belongs with the present spe-

cies. Figure i ( 5 ) is probably based on the Powell specimen listed by
Seemann and is referable to A. diffusa. Figures 2,3,5, and 6 were copied

from sketches made by Solms-Laubach and cannot be confidently identi-

fied. In assigning specific rank to Swamy's variety I utilize the same
type specimen, but I prefer to replace his epithet with one that will com-

! his valuable work on the Chloranthaceae and many other prim-

angiosperm families. The type of the new species is Smith 908, a

m collection with many duplicates, cited below.

iSTRiBUTiON. Infn

New Hebrides. Ambrym: Mt. Toiio, Aubert de la Riie (a, p). Tanna: Mt.
Tokosh Meru, Kajewski 152 (a, k, ny). Fiji. Viti Levu. Namosi: Mt. Voma,
Seemann 564 (gh, k), Fiji Dept. Agr. 612 (suva). Taveuni: summit of Mt.

Uluingalau, Jan. 3, 1934, Smith 908 (gh, holotype and also holotype of A. lan-

ceolata var. smithii; isotypes at bish, bo, k, ny. p, s, uc, us, y).

Although Swamy considered this taxon and the preceding only varietally

distinct, the differentiating characters appear to me worthy of specific

recognition. The uniform occurrence of paired ? flowers in the present

taxon was noted by Swamy, but this situation may very rarely also occur

in A. diffusa, as noted under that species. In other respects, A. swamyana
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the petiole and have more coarsely crenate-serrate margins, and its ap-

parently smaller pistils and fruits.

8. Ascarina lucida Hooker f. Fl. Xovae-Zel. 1: 228. 1853; Cheeseman,

Man. New Zeal. Fl. 598. 1906, 111. New Zeal. Fl. 2: pi. 166. 1914;

Swamv in Proc. Nat. Inst. Sci. India 19: 379, p. p. excl. spec. Ins.

Kermadec. jig. 8. 1953; Allan, Fl. New Zeal. 1: 172. 1961.

Typification and xomfnclature. In his original publication of this

binomial Hooker cited two collections. "Northern Island, Totara-nui,

Banks and Solander." and "Swamps. Wairarapa Valley, Colenso," and

he also listed -Trophis lucida Banks ct Sol. MSS. et Ic." Cheeseman in

1914 indicated that Banks and Solander first obtained the species in Jan-

uary. 1770. in Queen Charlotte Sound (Marlborough Province, South

Island). The Colenso locality is in Wellington Province. North Island.

Although it would seem that the Banks and Solander material is a logical

choice as the lectotype. a botanist familiar with New Zealand plants

should make such a decision after examining all the material that may
have been seen by Hooker. The three Kermadec Island specimens cited

by Swamy should be excluded from the species, at least in my present

opinion.

Cheeseman 's 1914 illustration shows that sometimes a rudimentary pistil

occurs adaxially in $ flowers, as noted above for A. diffusa (Figure 6).

.Ascarina lucida sensu Swamy in Proc. Nat. Inst. Sci. India 19: 379. p. p.

1953; non sensu typi.

Ascarina lucida var. lanceolata Allan, Fl. New Zeal. 1: 173. 1961.

Typification and nomfnclaturf.. Ascarina lanceolata is typified by a

MacGillivray (k) specimen (H. M. S. Herald Bot. 982) collected July

24, 1854, on Raoul Island ('Sunday Island""). Kermadec Islands.

Distribution. Kermadec Islands.

The MacGillivray specimen was cited by Swamy, without indication of

its type status, as representing A. lucida Hooker f. In thus considering

A. lucida as occurring in both New Zealand and the Kermadec Islands

Swamy was anticipated by Hooker himself (Handb. New Zeal. Fl. 253.

1864), who in discussing A. lucida commented. ''I find that the Kermadec
Island plant with larger leaves, which I distinguished as A. lanceolata

(Journ. Linn. Soc. i. 129) is only a variety of the New Zealand one."

Certainly many recent students of the New Zealand flora concur in this

opinion, although the trinomial seems to have been proposed only by
Allan in 1961. In view of the paucity of good differentiating characters

in Ascarina and our still very incomplete knowledge of the genus. I be-



lieve that 1 lameolata is best considered a Kermadec Island endemic

at the specific level for the time beinji. In foliage it is very readily dis-

tinguishable from A. lucida. as indicated by Cheeseman m 1906. Dr. W.
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R. Sykes (in litt.) indicates that the seeds of the Kermadec Island Ascari-

na, like those of A. lucida, are white or sometimes have a pale reddish

flush, whereas those of the Rarotonga plant (herein referred to A. dif-

fusa) are shining black or dark brown.

Typification and nomenclature. Solms originally cited three New
Caledonian collections: Puncher, Deplanche, and Vieillard 1212. Rancher

sheets of the species, without number or locality, are available at a, bm,

and K. Vieillard 1212 is dupHcated at a, bm, gh, and k. Like certain

other Vieillard collections, this number appears to combine material from

two localities, Balade and Wagap. Although Swamy has indicated the

Vieillard sheets available to him as "cotypes," I do not believe that he

has thus adequately lectotypified the species; this task remains for a

student of New Caledonian plants.

The binomial ''A. lurida'' seems to have originated inadvertently

through Solms's listing of ''.1. lurida Hook, f., J. Linn. Soc. 1 : 129, solum

nomen.'' This name has no nomenclatural status and presumably refers

to a herbarium misidentification of a New Caledonian plant as A. lucida.

Typification and nomenclature. The holotype is Moore 657 (bish),

collected on the south end of Opoa Mountain, Raiatea, Society Islands, on

March 5, 1927. I believe that this species is very distinct from Swamy 's

concept of A. lanceolata, the binomial to which he reduced it.

Ascarina subfalcata has much shorter inflorescences and more con-

gested flowers than A. diffusa (i.e. A. lanceolata sensu Swamy, non Hooker
f.). It is also quite distinct from its congeners in having its flower-sub-

tending bracts semipoculiform at anthesis rather than attached only by

the base, and in its comparatively small, subglobose pistil. Its relation-

ship is probably with A. lanceolata (sensu vero) rather than with A.

diffusa. One may note that the three species now seemingly endemic to

the Society and Marquesas Islands are not closely interrelated; A. mar-

quesensis is probably derived from a forbear of A. philippinensis, A. poly-

stachya from an ancestry suggestive of A. diffusa, and .4. subfalcata from

a plant resembling A. lanceolata.
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THE GENUS LINDENIA (RUBIACEAE)

Steven P. Darwin

The small kubiaceous genus Lindenia Bentham is probably better

known to plant geographers than to other botanists. Its strikingly dis-

junct distribution was first noted by Seemann (1862), but no serious

attempt to explain this phenomenon has been made. Indeed, the genus
has never been reviewed on a worldwide basis, although as many as six

species have been proposed by various authors since its establishment in

1841. As treated here, Lindenia consists of three species, of which one is

endemic to Central America, one to Fiji, and one to New Caledonia. A
new form of the American species (L. rivalis f. glabra) is described, and
two other taxa, L. acuminatissima Wernh. and L. radicans Wernh., are

excluded from the genus.

Appreciation is expressed to the administrators of the following insti-

tutions who have made their herbarium collections available: Arnold Ar-
boretum of Harvard University (a); Amherst College Herbarium (de-

posited at University of Massachusetts) (ac); Bernice P. Bishop IMuseum
(bish); British Museum (Natural History) (bm); Field Museum of
Natural History (f)

; Gray Herbarium of Harvard University (gh);
Royal Botanic Gardens, Kew (k); Department of Botany, University of

Massachusetts (mass); Missouri Botanical Garden (mo); New York
Botanical Garden (ny); :\Iuseum National d'Histoire Naturelle, Paris

(p); Departments of Agriculture and Forestry, Suva, Fiji (suva) ; Uni-
versity of California, Berkeley (uc) ; and U. S. National Herbarium (us).
The author also wishes to thank Dr. Albert C. Smith for his many

helpful suggestions pertaining to this study. This paper is based on re-

search partially supported by a grant from the National Science Founda-
tion to Dr. Smith, principal investigator.

Lindenia Bentham, PI. Hartweg. 84. 1841, in Hooker's Icon. PI. 5: t.

476. 1842; Endlicher, Gen. PI. Suppl. 2: 53. 1842; Bentham, PI.

Hartweg. 351. 1857; Hooker in Bot. Mag. 87: t. 5258. 1861; Seem.
m Bonplandia 10: 2,2>. 1862, Fl. Vit. 128. 1866; Hooker f. in Bentham
& Hooker f., Gen. PI. 2: 51. 1873; K. Schum. in Engler & Prantl,
Nat. Pllanzenfam. IV. 4: 37. 1891; Standley in N. Am. Fl. 32: 92.

1921, in Field Mus. Nat. Hist. Bot. Ser. 18: 1325. 1938; A. C.
Smith in Jour. Arnold Arb. 36: 288. 1955; Standley & Williams in

Fieldiana 24(11): 118. 1975.

Siphonia sensu Bentham, PI. Hartweg. 84. 1841, non D Rich ex Schreber
(1791).

Riverine shrubs with stipulate, petiolate leaves; leaf blades charta-
ceous and drying dark, often red-brown above, paler beneath, acute to
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attenuate at base and decurrent on petiole, acute to some\
and often asymmetric at apex, with entire, revolute margin, the costa

conspicuous, plane to somewhat raised and canaliculate above, prominent
and rounded beneath, the secondary nerves 5-10 per side, plane to

prominulous above, sharply elevated beneath, the tertiary nerves and
veinlets immersed to somewhat prominulous beneath; inflorescences ter-

minal, congested, appearing fundamentally cymose, invested with bracts

and bracteoles, these conspicuous, puberulent on both surfaces, charta-

ceous; calyx limb with 5 essentially free lobes; corolla hypocrateriform,

the tube elongate, the limb spreading, 5-lobed, the lobes sinistrorsely con-

torted in bud, entire; stamens 5, attached at corolla throat and alternate

with lobes, the anthers exserted, subsessile, recurved, capped by the short

apiculate connective, dehiscing longitudinally; hypanthium strongly 5-

angled; ovary 2 -celled, capped by a 2-lobed dome-shaped disk; ovules

numerous, as many as one thousand in each locule, attached to an elongate

central placenta; style filiform, the stigma exserted, clavate, bifid above

middle; fruit an obovoid capsule surmounted by the persistent and nar-

rowly decurrent calyx lobes, dehiscing septicidally along 2 sutures, the

endocarp thin and bony; seeds small, essentially rhomboidal, the testa

The genus Lindenia was proposed by Bentham in Plantae Hartwegianae

and was based on a K. T. Hartweg collection from Verapaz, Guatemala.

Only one species, L. rivalis, was described: this is the type species. The
name of this new American genus was first printed as Siphonia, but

Bentham, shortly before the distribution of that fascicle of Plantae Hart-

wegianae (fascicle M, pp. 81-88), found that the generic name Siphonia

had previously been employed in the Euphorbiaceae. Hooker (1873) and

Standley (1921) have pointed out that the name Lindenia was holograph-

ically substituted in all copies of that fascicle of Plantae Hartwegianae

before distribution, and their assumption that the name Siphonia was in-

deed scratched out in all copies is accepted here. In the copies consulted

by me. this was found to be the case, and the effective publication of

Lindenia by indelible autograph, as permitted by Article 29 of the Inter-

national Code of Botanical Nomenclature, may be accepted. Standley

(1921) suggested that there is no reason to cite ''Siphonia Bentham'' as

a synonym of Lindenia, since the former name was never really published

except as it has appeared in synonymy. However, if copies of Plantae

Hartwegianae exist in which the name Lindenia was not substituted, then

its effective publication on that date is questionable.^ For this reason,

Siphonia sensu Bentham is maintained in the present synonymy.

Even if Lindenia is not accepted as having been published by Bentham
in 1841, it was described one year later by both Bentham and Endlicher.

Their publications of Lindenia in the Rubiaceae predate the use of the

same name by Martens and Galeotti in 1843 for a genus in the Xyctagi-
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naceae. The fascicle of Plantae Hartwegianae containing Bentham's
printed correction of the name Siphonia to Undenia, on page 351, did not
appear until 1857.

As interpreted here, Lindenia comprises three species, L. rivalis Bentham
(the type species), limited to tropical Central America, L. vttiensis Seem.,
endemic to Fiji, and L. austro-caledonka Brongn., endemic to New Cale-
donia (Map 1). By previous authors the genus had been ascribed to the
islands of Samoa and Tobago (Guppy, 1906; Hutchinson, 1969), but
such reports are in error. Lindenia is most easily recognized by its ex-

ceptionally long corolla tubes, which are scarcely expanded at the throat
(Figures 1, 13, 23). All of the species are characterized by occupying
a strictly riverine habitat, or they are found growing in the middle of
shallow watercourses.

Lindenia has been placed by all authors concerned with its taxonomy
in the tribe Rondeletieae, and it agrees with other members of that tribe
in a number of important characters. These include the capsular nature
of the fruit (Figures 9, 10, 21, 31), the many ovules in each locule and
their attachment to an elongate central placenta (Figures 6, 7), the
nonalate seeds (Figures 11, 22, 32), the contorted aestivation of the
corolla lobes (Figures 17, 27), and the subglobose, tricolporate pollen
grams (Figures 8, 20, 30). Like other members of the Rondeletieae,
Lindenia lacks raphid crystals, an important feature in the classification
of the Rubiaceae according to Verdcourt (1958) and Bremekamp (1966).
Significantly, Lindenia differs from certain other members of that tribe
{Rondeletia in particular) by the contorted aestivation of its corolla. As
usually interpreted, the tribe Rondeletieae contains genera with imbricate
aestivation and genera with contorted aestivation. According to Breme-
kamp (1966), these two aestivation types are almost never encountered
m closely related taxa, though imbricate and valvate aestivation are often
closely associated. Further study may lead to the conclusion that the
genera of the Rondeletieae with contorted corolla lobes should be re-
moved from that tribe and placed elsewhere.

Although the association of Lindenia with the Rondeletieae may be
uncertain, its closest relatives among extant genera are almost certainly
American. Of the genera placed in the Rondeletieae by Schumann (1891),
nearly all are American, and only a few extend into tropical and sub-
tropical Asia. Lindema is, however, the only member of the Rondeletieae
with species indigenous in the Pacific. In general morphology Lindenia
approaches the Brazilian genus Augusta Pohl, but the latter genus as
pointed out by Bentham (1842), differs in its shorter, more expanded
corolla tubes, shorter calyx lobes, more exserted stamens, axillary inflo-
rescences, and locuhcidally dehiscent fruits. A superficial resemblance is

also shared between Lindenia and Tocoyena Aublet, a member of the
Gardenieae. Tocoyena, however, with a baccate fruit and seeds embedded
in a pulpy matrix, seems to be a firm member of the tribe Gardenieae
and not closely related to Lindenia. A clarification of the relationships
of Ltndenta must await a detailed review of the tribe Rondeletieae.
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The relationships of the Fijian flora are now fairly well known, owing

primarily to the work of Dr. A. C. Smith. This flora is, in large part,

derived from Indo-Malesian elements, and no transpacific migrations are

thought to have been involved (Smith, 1955). The only exceptions to

these observations occur in the predominantly American genera Lindenia

and Stillingia L. (Euphorbiaceae). Similarly, Lindenia and Epistephium

Kunth (Orchidaceae) form a puzzling American element in the New Cale-

donian flora (van Balgooy, 1971).

Concerning the widely disjunct distribution (Map 1) of Lindenia,

only two explanations seem possible. Either the disjunction is the result

of chance long-distance dispersal, or the taxon was once continuous over

an intervening land or insular area and has become restricted to now iso-

lated populations. A third alternative, that human agency was involved,

may definitely be excluded in the present case, since the New World and

Old World portions of the genus have distinctive characteristics that could

not have evolved in the immediate past.

There is little evidence to support the transpacific dispersal of Lindenia

as an explanation of its present disjunct range. Although seeds of Lindenia

are able to float in seawater by means of the crisp, air-filled outer tissues,

it seems unlikely that these small seeds would be able to remain afloat for

a sufficiently long time as to allow transportation over such a distance by

ocean currents. Hypotheses have also been advanced (Guppy, 1906) that

seeds of Lindenia may have become attached to the feet of migratory

water fowl, but the smooth, rhomboidal seeds (Figures 11, 22, 32)

show no obvious means by which they might become attached to the feet

or plumage of such birds. Indeed, transpacific migrations must have been

rare or nonexistent, since so few other genera have a pattern of dis-

junction like that of Lindenia (van Balgooy, 1971).

Unfortunately, nothing is known about the pollination biology of this

genus. With such exceedingly long corolla tubes, it seems likely that

flowers of Lindenia are visited by long-tongued lepidopterans. If such

insects were at one time necessary for pollination in this genus, it seems

unlikely that long-distance dispersal could have been possible without

the concomitant dispersal of the required pollinators. However, certain

moths already adapted to a pollination syndrome similar to that of Lin-

denia flowers may have been established in the Pacific before the arrival

of Lindenia populations in Fiji or New Caledonia.

The most convincing argument against the transpacific dispersal of

Lindenia is the fact that members of this genus are unknown from any
intermediate archipelagoes. If its dispersal was the result of avian migra-

tions, Lindenia might be expected to occur on other islands of the Pacific

where appropriate habitats exist. Such, however, is not the case.

The hypothesis that Lindenia once occupied a much wider geographical

area than it does today is more credible. It is easy to imagine that the

small seeds were dispersed by wind, water, or even birds over short dis-

tances. After its origin somewhere on the American continent, Lindenia

may have become established northward to Mexico and southward through
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South America to the West Antarctic archipelago, and then westward to

New Zealand, New Caledonia, Fiji, and possibly other islands of the

southwestern Pacific, assuming that climatic conditions were favorable
for such migration in the not too distant past. As mentioned above, all

species of Lindenia are ecologically restricted to a habitat along the banks
of rivers and streams. Such restriction was probably disadvantageous to

Lindenia species as climatic changes and competition from other species

were experienced. This strict habitat requirement, in conjunction with
drastic climatic changes, was also probably in great part responsible for

the extinction of Lindenia in South America, the West Antarctic archi-

pelago. New Zealand, and other islands which at one time may have
supported populations.

The Pacific and American species of Lindenia have so many charac-
ters in common, characters not shared with any other genus, that they
seem to form a remarkably unified taxon in spite of their geographical

disjunction. Such characters as the elongate, hypocrateriform corolla, the

essentially free, subulate calyx lobes with glands near the base within,

the frutescent habit, and the strict riparian habitat make Lindenia an
easily recognized genus. It seems best, therefore, to maintain all three

species within Lindenia, but to indicate their relationships by the recogni-

tion of two sections. As here interpreted, sectional distinctions are cor-

related with geographical distribution not because a long-distance-dis-

persed Pacific element was able to diverge rapidly from its American
ancestor, but because the American and Pacific populations may represent

the near-extreme ends of a once long, attenuate range. Divergence of the

Pacific and American species would seem, therefore, to have been a slow

process and the result of a gradual expansion of the area of Lindenia

around the southern boundary of the Pacific. The similarity between the

New Caledonian and Fijian species reflects their comparatively recent di-

vergence at the younger end of this once continuous range.

Key to the sections

Stipules usually persistent, to 10 mm. long when mature, fused at base and
forming a shallow cup surrounding the branchiet, gradually tapering toward

apex into a sharply pointed acumen; style puberulent over basal half with

thin, white, spreading hairs 0.3-0.7 (-1.2) mm. long; valves of fruit often

twisting strongly after dehiscence Sect. Lindenia.

Stipules caducous, 11-25 mm. long when mature, elliptic to lanceolate to ob-

lanceolate, not obviously fused at base, acute to rounded at apex; style

of fruit not twisting strongly after dehiscence Sect. Pacifica.

Lindenia Bentham sect. Lindenia.

This, the first of the two sections here recognized, is monotypic,

taining only the type species of the genus.
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L Lindenia rivalis Bentham, PI. Hartweg. 84. 184L

Shrub to 2 m. high, generally puberulent with white to

hairs or glabrous, the branchlets subterete, 1.2-2.8 mm. in diameter to-

ward apex, brown or often black, smooth or swollen at nodes; stipules

usually persistent, interpetiolar, membranaceous, entire, to 10 mm. long

when mature, fused at base and forming a shallow cup surrounding the

branchlet, gradually tapering toward apex into a subulate acumen up

to 5 mm. long, puberulent within and without with appressed, white

to stramineous hairs up to 0.6 mm. long, these sometimes few and re-

stricted to base or acumen or adaxial surface only; petioles stout, semi-

terete to canaliculate, 2-16 mm. long, 1.4-2 mm. broad; leaf blades

lanceolate to elliptic to oblanceolate, 3.2-17.6 cm. long, 1-3 (-4.2) cm.

broad, the upper and lower surfaces glabrous to puberulent with scat-

tered hairs, or these restricted to base and costa; domatia absent; inflo-

rescences 1-7-flowered, the peduncle up to 1 cm. long or essentially none,

the bracts usually trifid, 4.2-9.2 mm. long, 1.8-2.8 mm. broad at base,

acuminate at apex, the bracteoles subulate to lanceolate, 1.5-6.8 mm.
long, O.S-1.2 mm. broad at base, acuminate at apex, the pedicels slender,

3.6-8.6 mm. long, gradually broadening into the hypanthium; calyx lobes

subulate to linear-lanceolate, (7.6-) 10-22 mm. long, 0.8-1.8(-2.8) mm.
broad, usually acute to long-acuminate at apex, entire, chartaceous to

subcoriaceous, puberulent on both surfaces with scattered, stramineous

hairs about 0.2 mm. long, these longer and denser at base of lobes within

and partially concealing as many as 20 reddish, multicellular glands, each

up to 0.3 X 0.1 mm.; corolla tube (8-)10.2-16.4 cm. long, 1.4-2.6(-3.4)

mm. broad at middle, puberulent to tomentose without with white to

stramineous hairs up to 0.7 mm. long, glabrous within, the corolla limb

spreading, 2.6-6.8 (-8) cm. broad, the lobes ovate to elliptic to lanceolate,

12-32 (-38) mm. long, 4.8-14(-16) mm. broad, rounded to acute to

acuminate at apex, densely puberulent to somewhat strigillose within with

scattered hairs up to 0.3 mm. long, densely puberulent to tomentose with-

out; anthers oblong-linear, 8.6-11.8(-14. 2) X 0.9-1.3 mm., glabrous to

glabrescent with a few scattered hairs; hypanthium 4-8.5 (-10) mm. long,

2.6-4.6 mm. broad at apex, usually densely puberulent with spreading,

stramineous hairs up to 0.3 mm. long; style 10.6-15.4 cm. long, about

0.5 mm. broad, puberulent over lower half with spreading hairs 0.3-0.7

(-1.2) mm. long, the stigma 5.4-9(-12.5) X 0.8-1.8 mm., up to 6 mm.
broad when the lobes are spread apart; fruits (14-) 18-26.2 mm. long, 9-

12 mm. broad, drying brown, becoming black, the valves obviously twist-

ing after dehiscence, the endocarp thin and bony; seeds 1-1.5 mm. long,

0.5-1.4 mm. broad.

Although Lindenia rivalis is variable in many characters, two forms

based on features of indument are recognizable and appear to be reason-

ably distinct.
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parts, branchlets. leaves, stipule;

inflorescences and adaxial surfac

. Lindenia rivalis f. rivalis. Figures 1-11.

Lindenia rivalis Bentham, PI. Hartweg. 84. 1841, in Hooker's Icon. PI. 5:

t. 476. 1842; Hooker in Bot. Mag. 87: t. 5258. 1861 ; Hemsley, Biol. Centr.-

Am. 2: 26. 1881, in Ann. Mus. Nac. Rep. Costa Rica 1887(2): 40. 1887;

J. D. Smith, Enum. PI. Guatemal. 2: 30. 1891; Shannon in Intercont. Rail-

way Commis. Rep. 1(2), Appendix 3: 11. 1898; Pittier, Ens. PI. Usual.

Costa Rica, 109. 1908; Standley in N. Am. Fl. 32: 92. 1921; Standley &
Calderon, Lista Prelim. PI. El Salvador. 210. 1925; Standley in Contr. U. S.

Nat. Herb. 23: 1358. 1926. in op. cit. 27: iSS. 1928; Standley & Record
in Field Mus. Nat. Hist. Bot. Ser. 12: 383. 1936, Standley in op. cit. 18:

1325. 1938: Miranda, Veg. Chiapas Sec. Parte, 289. 1953; Pittier, Ens.

PI. Usual. Costa Rica. ed. 2. 147. 1957; Porter in Graham, Veg. & Veg.

Hist. N. Latin America, 192. 1973 ; Standley & Williams in Fieldiana 24(11):

119, fig- 6. 1975.

'ipho7iia rivalis Bentham, PI. Hartweg. 84. 1841.

dndeyiia acutiflora Bentham in Hooker's Icon. PI. 5: t. 475. 1842; Mart.

& Gal. in Bull. Acad. Roy. Bruxelles 11: 240. 1844; Hemsley, Biol. Centr.-

The typical form of Lindenia rivalis usually bears an ob^

at least the young parts, branchlets. leaves, and stipules are never glabrous

all at the same time. The form includes nearly all of the neotropical

collections of the genus.

Type locality. Bentham based the genus Lindenia solely on Hartweg

581 from Guatemala, although Hooker was of the opinion that L. rivalis

had been collected first by Linden on the banks of the Rio Teapa. ^Mexico.

One specimen, Linden 331 (k), is labeled as having been collected at that

locality in 1840, but since it was unmentioned in Benthams original de-

scription, it cannot be considered a possible type of the species. Four

examples of the Hartweg collection are known, two of these being at Kew.

Only one of the two Kew specimens may be considered the holotype, the

one bearing the stamp identifying it as having been a part of Bentham's

own herbarium. The other Kew sheet was transferred from the Hooker

herbarium in 1867. Only the "Bentham" sheet is labeled "Vera Paz,

Guatemala' and bears the name ''Siphonia rivalis.''

The type of Lindenia acutiflora is Linden 358. the only collection cited

by Bentham. This collection is known only from a single specimen at

Kew labeled -'Mexico. \'era Cruz. Puente nacional. I83S' and was original-

ly part of the Hooker herbarium.
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Figures 1-5. Lin

from Deam 6124, 5 from Schipp 230): I. branchlet with
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Distribution. The typical form of Lindenia rivalis is restricted to

tropical Central America and extends from northern Veracruz, Mexico,
southward to Panama. It ranges in altitude from near sea level to 1500
m. Like other members of the genus, it is always found growing on the
banks of rivers or, not uncommonly, directly in the waterways.

In habit, Lindenia rivalis f. rivalis is a shrub with leaves which are
pale and silvery beneath. The plant is a showy one with long white
corollas, these sometimes having a pinkish tube and white lobes. The

open in the morning and evening and are very fragrj

are also attractive; although at first green, they often become red and
later brown. Flowering specimens of this form have been collected be-

tween April and July, rarely at other times of the year. Fruiting material
is most commonly found between August and March.

Local names and use. The following names have been recorded:

Mexico (Oaxaca). pimenta de agua {Standley 1926) \ Guatemala, amalil-

lo (Sfeycnnark 42110). flore de Maria, mes-i-ha (Pittier 180) \ Hon-
duras, chilca (EdiiHirds 230). culebrita (Classman 1553). lirio {Standley

& Chacon 5606); Costa Rica, jarmincillo {Valeria 117). lirio de agua
(Jimenez 507); Panama, guabita de quebrada (Stern et al. 1788). Her-
barium specimens attest that this species was under cultivation as an
ornamental shrub on the island of St. Vincent and at Kew in 1894. With
its elongate, fragrant flowers and lush foliage, Lindenia rivalis probably
has horticultural potential.

Mexico. Michoacan: Pihuamo, M. E. Jones 311 (mo, us); San Jose, Coal-

coman. Hinton et al. 13790 (f, gh, mo, ny, us); Las Minitas. Torrent de Chuta,

Langlasse 198 (gh, k, us). Guerrero: Galeana, Atoyac, Hinton et al. 14578
(k, xy. uc. us I. Oaxaca: Mogone. on F. C. N. T.. Orcutt 5206 (mo); Santo

Domingo, Xelson 2659 (gu. us); Paso Lagarto. Rio Magdalena, Pochutla,

Conzatti. Reko. & Makriniiis 3112 (gh). Veracruz: Rio de los Pescados

Baiios del Carrizal. Purpus 6099 (gh, mo. ny. uc); Colipa. Kanvinsky 1258
(f); Rio Limon east of Paso de San Juan at Highway 140, Maxu'el! 167 (mo);

Linden 358 (k. holotype of L. aciitiflora). Purpiis 13007 (f), 14240 (a, F);

XV. uc, US); Orizaba, Botteri (gh); Cuitlahuac. Matuda 1440 (a, k, mo, xy);

Paso de Ingenio. Calzada 323 (gh); Rio de Santiago de Tuxtla, Galeotti 2683C
(f ) : vicinity of Zacuapan, Purpus 14270 (a, f) : Los Tuxtlas. Ocotal, Chico. Ross

208 (US); bos Rios, Rio Grande de Cerro Gordo. Ventura 2593 (xy); Paso

del Correo. Liebmann "Rubiaceae n. 5" {11419 or 11519) (gh. k. mo, xy. us);

Veracruz, without further locality. Rosas 625 (a). Tabasco: Rio Teapa, Lin-

den 331 (k). Chi.apas: Sayula, Jiizepcznk 1353 (f): Javalinero, Palenque,

Rio Chacamax. Matuda 3615 (a. f. k, nv); Rio Despoblado near Comatitlan,

2. branchlet showing stipules and petiole bases, X 4; 3,

ind base of corolla, X 2 ; 4. corolla limb with exserted sta-

1 ; 5, surface of style showing indument. X 40.
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Figures 6-11. Lindenia rivalis f. rivalis (6 and 7 from Cahlrron n , S from
Pringle 8151, 9 from Limdell 0687, 10 from Bnrtlett 11767 11 from
7047): 6. longitudinal section of ovary showing elongate placenta. X 6; 7, por-
tion of placenta showing ovules, X 30 ; 8. po len grain. X 2000: 9, rui
to dehiscence, X 1 ; 10. dehisced fruit,

, seeds, X 10.

without further locality, Harris (k). "Herb Pavon" (bm). Sartoriiis (us).
Belize. Cayo: Chiquibul Forest, east branch of Belize River at G uacamallo,
Brunt 2265A (bm); between Benque Viejo ind Melchor de Men OS. Croat
2^59<^(Mo);RfoMopannearBenque Viejo, km. on Arenal Road.
7047 (f, NY); vicinity of Cayo, Lundell 6103 i of Vaca,
Gentle 2573 (a, f, k, mo); Mt. Pine Ridge, n ar Privation Creek, 12 mi. south
of Cayo, Bnrch 6255 ^mo), Pinol Cree . Proctor 30199 (bm), about 5 mi. south
of Augustine Rd., 35 mi. south of Sar Diego Long 3237 (mo, ny). Rio Frio,

Hunt 7063 (k), Lundell 6687 (f, gh, Mt. Pine Ridge, Bartlett 11767
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(f, us); road to Augustine and San Luis. Dwyer, Elias. & Maxwell 340 (mo);
Hummingbird Highway, mi. 28, Gentry 8587 (mo), mi. ZQ, Gentry 8582 (mo),
at Fairweather Creek, Gentle 8833 (bm, f, ny, uc, us), at St. Margaret Creek,'

Gentle 8722 (us); road to Church Yard, Beaver Dam Creek, Campbell 109 (k);
Big Creek. Schipp 230 (a, bm, gh, k, mo, ny, uc, us). Toledo: Columbia
Forest Station, Dwyer 9846 (mo); San Jose, 1.5 mi. on road to Columbia For-
est Station, Gentry 8102 (mo); Moho River, Peck 558 (gh, k); north side of

Rio Sarstun, Harmon & Dwyer 2851 (mo). Guatemala. Peten: Dolores, 1 km.
east of Rio Ixcol. Contreras 2409 (us). Alta Verapaz; Chisaxte River below
Secanquim, Pittier 180 (us); vicinity of Finca Sepacuite. Cook & Griggs

688 (us). Baja Verapaz: 5 mi. southwest of Granados. Harmon & Dwyer
3031 (\y); Verapaz, without further locality, Hartweg 581 (k, holotype; iso-

types at bm, k, ny). Izabal: Jacolo, H. Johnson 1137 (us); Lago Izabal

between Punta dos Reales and Punta de Lechuga, Steyermark 39616 (r);

Montaiia del Mico between mi. 49.5 and ridge 6 mi. from Izabal, Steyer-

mark 38603 (f); Rio Oscuro, 0-8 km. southwest of Lake Izabal, Jones &
Facey 3492 (f, mo); Rio Frio. Steyermark 39921 (a, f, gh, ny). San Mar-
cos: Rodeo, Rfo Choi, Lehmann 1452 (bm, f, us). Retalhuleu: Rio Co-
yote, 4 km. west of Retalhuleu. Sta7idley 87425 (f, us), 87484 (f); road be-

tween Retalhuleu and Asintal, Standley 87861 (f). Quiche: without further

locality, Agilar 1244 (f). Escuintla: Rio Michatoya, /. D. Smith 2051 (gh,

K, us), Standley 89095 (f), 89103 (f); Rio Guacalate. Shannon 3646 (gh, us).

Zacapa: Rio Teculutan, Steyermark 42110 (f). Suchitepequez: vicinity of

Santo Domingo south of Mazatenango, Standley 88908 (f, us). Guatemala,

uncertain locality ("Agua Calientes"), Deam 6124 (gh, mo, us). El Salvador.

Santa Ana: Rio del Molino, Calderon 2192 (ny, us). Libertad: La Libertad,

Barclay 1130 (bm, us); Libertad, without further locality, Barclay (k). San
\'rcENTE: vicinity of San \'icente, Standley 21218 (gh. ny, us), Standley &
Padilla 3394 (f). Honduras. Comayagua: vicinity of Siguatepeque, Rodriguez

2684 (f), Standley & Chacon 6117 (f); Rancho Grande, San Luis, Edwards 230

(a, f, us); vicinity of Comayagua, Standley & Chacon 5606 (f). Francisco

Morazan: Santa Clara Creek, Williams & Molina 10071 (f, gh, uc). 10348 (f);

drainage of Rio Yeguare, Williams & Molina 15863 (bm, f. gh. us), Glassman

1553 (f)
; vicinity of Zamorano, M. & J. Hernandez 5122 (f)

,
Rodriguez 166 (f)

;

Rfo de la Orilla, Cerro Majicaran. Molina 106 (f, gh, mo, vc, us); Rio de la

Orilla southeast of Zamorano, Standley 22110 (f); Quebrada el Horno between

Frijolar and Tabla Grande, Molina 847 (f, gh). El Paraiso: Quebrada de

Dantas, 12 km. northeast of Yuscaran, Molina 10044 (f, us); Rio Choluteca

near Oja de Agua. Standley 4682 (f); 5 km. east of Oja de Agua, Standley

4686 (f); Montafia Teupasenti between El Junquillo & Teupasenti, Molina

11890 (f, ny); Sierra de La Villa Santa above Jacaleapa. Williams 18162 (f,

gh, us). Olancho: Rfo Wampu, Mata de Tarro, 18 km. northeast of Pisijire,

Nelson & Clewell 696 (mo). Honduras, without further locality, Shakespear

(bm). Nicaragua. Cabo Gracias a Digs; Mosquito Coast, Schramm in 1924

(us); Rio Sangsang, Schramm 15 (f, us). Matagalpa: Rio Las Canas IS

km. northeast of Matagalpa. Williams, Molina, et al. 27531 (f, gh, ny, us).

Granada: vicinity of Nandaime. Rio Ochomogo. Levy 20 (f). Nicaragua, un-

certain locality ("Embarquito. Nialyo"?). Seema?tn 111 (bm). Costa Rica.

Guanacaste: Sapoa, 0rsted 11520 (us); between Sapoa and Tortuga. "70"

(k); Las Cafias road 5 km. southeast of Liberia. Harris 53 (f); Palo Verde re-

search area E, Frankie 168 (f, mo); Finca La Pacifica, Rio Corubici 6 km.
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northwest of Las Canas, Whitmore 20 (f, mo, ny); 22 km. along road to Finca
Tenoria, Croat 625 (mo); Hacienda Tenorio near La Pacifica, Blum 366 (mo);
Sandillal River north of Las Canas, Daiibenmire 750 (r) ; Rio Chiquito between
Tilaran and Las Cafias, Brenes 12702 (a, t, ny); vicinity of Tilaran, Valerio

117 (us), 1144 (f), Standley & Valerio 45678 (a, us); Nicoya, between Curime
and Caimital, Jimenez 507 (f); river at Nicoya. Tonduz 13947 (bm, gh, k, us);
La Colonia, Nicoya Peninsula, Cook & Doyle 717 (us). Puntarenas: between
Cascajal and Pigres, Holm & litis 263 (bm, f, ny). Panama. Herrera: vicinity

of Las Minas. Rio Las Trancas, Stern, Eyde, & Ayensu 1788 (mo, us). Pa-
nama: Rio Bayano above confluence with Rio Chepo, Duke 3984 (mo);
Chagres River, vicinity of Alhajuela. Pittier 3521 (bm, gh, ny, us); Rio Diablo,
Mayo 633 (moj; vicinity of Pacora, Allen 3452 (bm, f, ny); upper Rio Mamoni,
Pittier 4483 (bm, f, gh, ny, us); Rio Canita near Jenine, Duke 3842 (mo);
Rio Pasiga above waterfall on second main fork, Gentry 2298 (mo); Rio La
Maestra, Allen 24 (a, f); Utibe, Maurice 759 (us). Canal Zone: Road K-6,
east of Arrijan, Croat 15036 (gh, mo, ny); Road K-9, vicinity of Rio Co-
coli. Stern, Chambers, Dwyer, & Ebinger 7 (gh, mo, uc, us) ; Road K-9, Dwyer
3008 (MO); Rio Aqua Salud between Frijoles and Pipeline Road, Foster &
Kiester 1951 (gh, ny). Darien : Rio Morti, Drill Site 7, Duke 14208 (3) (f,

MO, NY). Unknown locality. 'P. H. 23/8/12" (k). Cultivated plants. Guate-
mala: "Stove— July — 1894" (k). St. Vincent: cultivated shrub at Govern-
ment House, Powell 28 (k).

In the morphology of its vegetative and reproductive parts, the typical

form of IJndenia rivalis is quite variable. Particularly noticeable is the

range in the size and shape of the leaves and their indument, as well as

the distribution of the leaves on the branchlets, i.e. whether they are

crowded toward the tips of the branchlets or whether they are more
equally spaced. Correlating with general robustness is the size of the in-

florescences and the individual flowers. Bentham distinguished L. acuti-

flora from L. rivalis on the basis of such features, as well as the more
densely pubescent lower surfaces of the leaves, the small size of the leaves,

and the more acute apices of the corolla lobes. With many more collec-

tions now available for comparison, the type specimen of L. acutiflora

readily falls within the continuum of variation ascribable to L. rivalis f.

rivalis and cannot be satisfactorily separated from that taxon.

Dept. Agr. 2288. 14 from Seemann 217, 15 from Fiji Dept. Agr. 2153, 16, 17,

and 18 from Fiji Dept. Agr. 2288): 13, branchlet with inflorescence. X ^:{; 14,

abaxial surface of leaf blade showing axils of secondary nerves with domatia,

X 10; 15, apex of branchlet showing stipule and young leaves, X 2; 16, hy-

panthium, calyx, and base of corolla, X 2; 17, corolla lobes in bud, X 2; 18,
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Distribution. This essentially glabrous form of L. rivalis is known

from localities in Mexico, Guatemala, and Costa Rica. In its altitudinal

range, habit, ecology, vegetative and floral morphology, and probable re-

productive biology, the new form is similar to the typical form.

Local names and use. As far as is known, this taxon is not distin-

guished by Central Americans from L. rivalis f. rivalis, and the names and

use ascribed to the typical form also pertain to f. glabra.

Mexico. Tabasco: Tenosique, Matilda 3493 (a, f); Rio Teapa (Rio Morelia)

at Teapa, Gilly & Hernandez 273 (gh). Chiapas: Chicomucelo, Matuda 4449

(us 2087017, holotype; isotypes at A, f, mo, ny); Santa Margarita, Mell 2025

(ny, us); Chiapas, without further locality, Ghiesbreght 860 (gh). Guatemala.

Peten: Rio Machaquila north of El Cambio, Steyermark 45966 (f, us). Que-

ZALTENANco: Rio Ocosito, Heyde & Lux 2753 (gh, k, mo, ny, us). Costa Rica.

Guanacaste: Los Conventillos. Tondiiz 2672 (us); vicinity of Las Caiias,

Finca La Pacifica, Rio Tenorio, Daiibenmire 647 (f); Finca La Pacifica, north-

west of Las Caiias, Rio Corobici, Opler 945 (f, mo).

As stated above, Lindenia rivalis f. glabra is distinguished by the re-

striction of the indument to the inflorescences and inner surfaces of the

stipules. Amid the wide range of variation <

a whole, this feature may seem insignificant, but the glabrous specimens

appear to be sufficiently distinct to warrant their recognition as compris-

ing a separate form. In considering what rank to assign this taxon, one

may note that the Mexican and Guatemalan collections come from a

fairly discrete area within the range of the species as a whole, but the

occurrence of essentially identical plants in Costa Rica suggests that the

glabrous condition is likely to be encountered throughout the range of the

species. Therefore, the rank of jorma seems more logical than the rank

of varietas, which might imply a degree of geographic isolation.

Lindenia Bentham sect. Pacifica S. Darwin, sect. nov.

Frutices stipulis caducis, demum 11-25 mm. longis, ellipticis vel oblan-

ceolatis, basim versus non manifeste connatis, ad apicem acutis vel rotun-

datis; stylo glabro vel cum pilis paucis et dispersis plus minusve 0.1 mm.
longis; fructu post dehiscentiam non valde torto.

) THE SPECIES OF SECT. PaCIFICA

of stiff hairs always present on the lower !

of secondary nerves; inflorescences 13- or 1

I tube puberulent with scattered hairs; coroll



1976] DARWIN. LINDEXIA

acute at apex; stipules usually more than 4.5 mm. broad when r

2. Lindenia vitiensis Seem, in Bonplandia 9 : 256. 1861. nomen nudum;
A. Gray in Proc. Am. Acad. Arts 5:318. 1862 (Jan.). nomen nudum;
Seem, in Bonplandia 10: 33. t. 8. 1862 (Feb. 15); A. Gray in Bon-
plandia 10: 36. 1862; Seem. Viti, 438. 1862, Fl. Vit. 128. pi. 24.

1866, op. cit. 430. 1873; Drake, 111. Fl. Ins. Mar. Pac. 186. 1890;

A. C. Smith in Jour. Arnold Arb. 36: 288. 1955; J. W. Parham,
PI. Fiji Islands, 195. jig. 71. 1964, ed. 2. 276. jig. 83. 1972.

Figures 13-22.

Riverine shrub to 2 m. high, glabrous apart from the puberulent young
parts and inflorescences, the branchlets subterete, 2.6-4.5 mm. in diameter

toward apex; stipules soon caducous, interpetiolar, elliptic to oblanceolate,

tuse to rounded at apex, iinely puberulent with scattered hairs up to 0.2

mm. long or these slightly longer and persistent on branchlets above stip-

ule scar; petioles stout, semiterete or canaliculate, 3-13 mm. long, 1.2-

2.7 mm. broad; leaf blades lanceolate to narrowly elliptic, (6-) 11-16 cm.

long, (1.4-) 2-3.8 cm. broad; domatia present, conspicuous on lower sur-

face of leaf blades in axils of secondary nerves as tufts of stiff hairs 0.1-

0.3 mm. long; inflorescences usually 3-branched, 13- or 14-flowered, the

peduncle up to 1 cm. long or essentially none, the bracts usually paired at

each node, trifid or divided to base and appearing whorled, 5.2-12.2 mm.
long, 1-2 mm. broad at base, acute to acuminate at apex, the bracteoles

undivided, linear-lanceolate to subulate, 2.8-8.1 mm. long, 0.3-1 mm.
broad at base, acute to acuminate at apex, the pedicels slender, 1.2-2 cm.

long and gradually broadening into hypanthium; calyx lobes subulate,

8-16 mm. long, 0.7-1.5 mm. broad at base, acuminate at apex, entire,

chartaceous to subcoriaceous, puberulent without with hairs up to 0.1

mm. long and slightly longer ones within partially concealing as many as

10 yellowish, multicellular glands 0.2 X 0.1 mm. at base of each lobe,

or glands absent; corolla tube 9.3-10.5 cm. long, 1.6-2.3 mm. broad at

middle, puberulent without with hairs up to 0.2 mm. long, these more

scattered within, the corolla limb 3-3.3 cm. broad, the lobes entire, ovate,

within with densely matted, tangled hairs, densely puberulent without;

anthers oblong, about 6 X 1.2-1.7 mm., glabrous; hypanthium 10-14

mm. long, 2.5-4 mm. broad at apex, strongly 5-angled, puberulent with

short white to stramineous hairs; style 10-10.5 cm. long, about 0.5 mm.
broad, glabrous or with occasional scattered hairs up to 0.1 mm. long,

the stigma 3.2-4.1 X 1-1-6 mm., essentially glabrous; fruits 22-28 mm.
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Figures 19-22. Lindenia viticnsis (19 and 20 from Seemann 217, 21 and 22

from Home 186): 19. longitudinal section of corolla tube showing inner (left)

and outer (right) indument. X 70; 20, pollen grain, X 2000; 21, fruit prior

X 1 ; 22, seeds. X 10. Figure 23>. Lindenia austro-caledonica:

; inflorescence, X lii, from Buchholz 1290.
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Type locality. Seemann's original description of Lindenia vitiensis

was based entirely on his own collection, Seemann 217. The species was
reported to occur on the islands of Ovalau and Viti Levu, but the holotype

bears only the notation "Navua River," which is probably the correct

locality of the type collection. It is possible that Seemann observed this

species growing on Ovalau, although no collection of L. vitiensis can be

unequivocally assigned to that island. The isotypes are labeled "V'iti or

Fiji Islands," without further locality.

Distribution. Judging from the comparatively few collections avail-

able. Lindenia vitiensis is a relatively rare species known with certainty

only from the islands of Yiti Levu and Vanua Levu. It is found growing

in forests from near sea level to an altitude of about 100 m. and, sig-

nificantly, always along the banks of streams. Its habit is that of a shrub

up to 2 m. high with sweet-scented, cream-colored flowers. Flowering

specimens have been collected in December, fruiting material in March.

A single Graeffe collection of Lindenia vitiensis bears "Samoa" as a

locality, but this species is otherwise unknown in that archipelago. It is

likely that this Graeffe collection was mislabeled and is really of Fijian

origin. Graeffe collected in southeastern Mti Levu, and in several other

instances it is reasonably certain that specimens labeled "Samoa" actual-

ly came from Fiji (A. C. Smith, pers. comm.).

Local names. Seemann records the name mbore ni wai, a reference to

the riverine habitat of this species. Variations include mborewai {Fiji

Dept. Agr. 2153), mbuarewai {Fiji Dept. Agr. 2288), mborewa, and

mbua-siu, the last two variants having been noted by Parham in the cita-

tions listed above.

Fiji. Viti Levu. Serua: Navua River, Seemamt 217 (k, holotype; isotypes at

BM, gh). Naitasiri: Ndrauniwalai, Waindina River, Fiji Dept. Agr. 1811

(BiSH, SUVA), 2153 (bish, k, mass, SUVA, us). Viti Levu. without further lo-

cality, Graeffe (k). Vanua Levu. Mbua; Nakorotiki, Fiji Dept. Agr. 2288
(BISH, MASS, SUVA). Fiji, without further locality. Home 186 (k), 964 (gh,

k). Uncertain locality ("Samoa"). Graeffe (bm).

The morphology of the stipules (Figure 15), the lack of a pronounced

stylar indument (Figure 18), and the finely reticulate tectum of the pol-

len grains (Figure 20) indicate that this taxon is much more closely re-

lated to the Xew Caledonian species than to the American one. Seemann

(1862) originally distinguished the Fijian species from Lindenia rivalis

by the lack of pubescence on the lower surfaces of the leaf blades and by

minute characters of the calyx lobes. Evidently he was unaware that

the caducous stipules of L. vitiensis differ strongly from those of L. rivalis.

From Lindenia austro-caledonica the Fijian species is distinguished by

the presence of domatia (Figure 14) on the lower surfaces of the leaf

blades in the axils of the secondary nerves and by the blunter apices of

the corolla lobes (Figure 17), a feature most easily seen when the flow-

ers are in bud. In addition, the interior of the corolla tube (Figure 19)
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.. vitiensis, while it is glabroi

Lindenia vitiensis sensu Brongn. & Gris in Ann. Sci. Nat. Bot. V. 6: 258.

1866; Zahlbruckner in Ann. K. K. Naturhist. Hofmus. 3: 280. 1888;

Guillaumin in Ann. Mus. Colon. Marseille II. 9: 168. 1911; Schinz &
Guillaumin in Sarasin & Roux, Nova Caledonia Bot. 234. 1921; Daniker
in Mitt. Bot. Mus. Univ. Zurich 142: 442. 1943; Guillaumin in Bull. See.

Bot. France 91: 12. 1944, Fl. Nouv.-Caled. 328. 1948. in Bull. Mus. Hist.

Nat. (Paris) II. 21: 118. 1949; non Seem.

Riverine shrub to 3 m. high, glabrous apart from the puberulent young
parts and inflorescences, the branchlets subterete, 2.5-4.3 mm. in diameter

toward apex; stipules caducous, interpetiolar, elliptic to lanceolate, entire,

13-22.6 X 1.2-4.5 mm. when mature, broadly cuneate at base or oc-

casionally fused for about one-third their length and forming a sheath

around the branchlet, acute to rounded at apex, finely puberulent with

hairs up to 0.1 mm. long or these slightly longer and persistent on branch-

lets above the stipule scar; petioles stout, semiterete or canaliculate, 3-

16 mm. long, 1.4-2.4 mm. broad; leaf blades lanceolate to narrowly el-

liptic to oblanceolate, (3.5-) 7-14.8 cm. long, (0.7-) 1.4-3.9 cm. broad;

domatia only rarely present on lower surface of leaf blades in axils of sec-

ondary nerves as tufts of stiff hairs 0.1-0.3 mm. long; inflorescences usu-

ally 2- or 3-branched, 1-9-flowered, the peduncle up to 1.5 cm. long or

essentially none, the bracts often paired at each node, somewhat to con-

spicuously trifid, 5.8-12.5 mm. long, 1.2-4.5 mm. broad at base, acute

to acuminate at apex, the bracteoles undivided, subulate, 1.8-9.2 mm. long,

0.7-1.8 mm. broad at base, acute to acuminate at apex, the pedicels

slender, 1.2-3 cm. long and gradually broadening into hypanthium; calyx

lobes subulate, 9-1 5 (-19) mm. long, 1-2.2 mm. broad at ba.se. acuminate

at apex, entire, chartaceous to subcoriaceous, finely puberulent without

with hairs about 0.1 mm. long or glabrous, densely puberulent within

with hairs up to 0.3 mm. long and partially concealing as many as 10

yellowish, multicellular glands about 0.2 X 0.1 mm. at the base of each

lobe, or such glands absent; corolla tube 8.6-1 1.7 (-12.3) cm. long, 1.4-

2.5 mm. broad at middle, very finely puberulent without with hairs up

to 0.1 mm. long, glabrous within, the corolla limb spreading, 2.9-5.3 cm.

broad, the lobes oblong-elliptic to ovate, 15-27 mm. long, 4.2-10 mm.
broad, sharply acute to acuminate at apex, densely puberulent to tomen-

tose with matted, tangled hairs within, more finely puberulent without;

1317): 24, abaxial surface of leaf blade showing axils of secondary nerves, X
10; 25, apex of branchlet showing pair of stipules and basal portion of a young
leaf, X 2; 26, hypanthium. calyx, and base of corolla, X 2; 27. corolla lobes in

bud, X 2\ 2S, longitudinal section of corolla tube showing glabrous inner sur-
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anthers oblong, 5.3-8 X 0.9-1.4 mm., glabrous; hypanthium 10-16 mm.

long, 2.7-4.2 mm. broad at apex, puberulent with short white hairs; style

9.2-11.7 cm. long, about 0.5 mm. broad, glabrous, the stigma 2.5-5.4 X
1.2-1.8 mm., essentially glabrous or with minute, glandular hairs; fruits

20-32 mm. long, 8-10 mm. broad, drying dark brown, becoming black,

not obviously twisting after dehiscence; seeds about 1-1.5 X 1-1-5 mm.

Type locality. Brongniart based Lindenia austro-caledonica on two

collections which he cited as ''habitat ad ripas rivorum Novae Caledoniae

(Pancher, 1862); circa Balade (Vieillard, no. 651)." Of these two col-

lections, specimens labeled Vieillard 651 have been found scattered in

European and American herbaria. It is important to note, however, that

only two sheets (at k and p) are labeled as coming from the Balade lo-

cality cited by Brongniart. The remainder are labeled as having been

collected at Wagap. In addition, the Balade sheets have the date "1855-

1860" printed on their labels, whereas the Wagap labels read "1861-1867."

It is probable, therefore, that Vieillard 651 represents a mixed collection,

the material having been gathered at different places and at different

times. Evidently only the "Balade" specimens were available to Brong-

niart in 1865; these bear intact fruits, but the flowering material is poor.

The material collected by Pancher in 1862 is known definitely only

from a single sheet (p), but because it consists of intact flowers as well

as dehisced fruits, it seems the most appropriate lectotype and is here

designated as such. Pancher's field label reads "Ourail— near (?) Ka-
nala." Other Pancher specimens (at bm and k) are probably isolectotypes,

although they are without collector "s number and date.

Distribution. Endemic to New Caledonia, but occurring throughout

that island at elevations from sea level to about 375 m. Like the other

taxa of Lindenia, this species is a shrub restricted to a riverine habitat.

Flowering specimens have been collected between June and November;
fruiting material has been found throughout the year.

New Caledonia. KouMAC: Rt. 7, 16 km. north-northeast of Koumac, Thome
28117 (gh); road from Koumac to Balade, ascending first range of hills, Gree7i

1317 (a, k); 5 km. from Koumac on road to Ouegoa, McKee 4715 (a, k).

PouEBO: Balade, Vieillard 651, 1855-60 (k, p); vicinity of Pouebo west of

Colnett, near coast, Webster & Hildreth 14804 (bish). Poixdimie; Wagap, Vieil-

lard 651, 1861-67, (bm, f, gh, k, ny, p). Canala: Canala, Pancher in 1862 (p,

lectotype; probable isolectotypes at bm, k). Moindou: tributary of Riviere

Boguen above waterfall at Tribu Katrikoin village on trail to Table Unio,

Buchholz 1290 (a, bish, k, ny, uc, us). Bouloupari: Riviere Tahine, ComptoJt

1978 (bm). Paita: mountains near Paita, Schlechter 14992 (bm, k). Dumbea:
Dumbea Valley, north branch near river, McKee 2480 (uc, us); Riviere Non-
doue near airport, Virot 312 (a); Riviere Nondoue, Fraric 629 (a, bm, k, ny,

uc, us). Noumea: near Noumea, Caldwell (k). New Caledonia, without

further locality, C.B.I.B.S. 991 (k).

Brongniart, in the original description of this species, did not contrast

it with the Fijian species which had been described by Seemann some
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Figures 30-32. Lindenia austro-caledonica (30 from Franc 629, 31 from
McKee 2480, 32 from Vieillard 651 (1855-1860)): 30, pollen grain, X 2000;

31, dehisced fruit, X 1; 32, seeds, X 10.

three years earlier. Nor did Brongniart and Gris give any reason for the

reduction of Lindenia austro-caledonica to L. vitiensis only one year after

the publication of the former. As far as is known, all later authors have

followed their example in considering the New Caledonian and Fijian

Lindeniae as conspecific.

In fact, the magnitude of the differences between the two elements

warrants the reinstatement of Lindenia austro-caledonica as a distinct

species. The usual absence of domatia (Figure 24) in the New Cale-

donian species versus their presence in L. vitiensis is the most striking

feature, although the occasional occurrence of domatia in New Caledonian

plants may indicate that the presence or absence of domatia reflects the

distribution of the presumed arachnid inhabitors rather than a genetic

difference between the plant populations. However, the correlation of

the usual absence of domatia in L. austro-caledonica with the glabrous

interior of the cwoUa tube (Figure 28), the more acute corolla lobes

(Figure 27), and the smaller stipules supports the conclusion that the

New Caledonian and Fijian populations have diverged over a long period

of time and should be considered distinct species.

EXCLUDED SPECIES

Lindenia acuminatissima Wernham in Jour. Bot. 52 : 227. 1914.

Type locality. Unknown.

Wernham based this species on a single specimen (k), which remains

the only known collection. The type specimen bears a superficial re-

semblance to Lindenia rivalis in its somewhat elongate corolla tube and
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sharply acuminate stipules, but in other characters it is quite different.

Its corolla tube is not nearly as long as in true Lindentae, and the calyx

consists of six unequal lobes which are fused at the base into a distinct

tube. The pubescence is also entirely different in that the hairs are much

longer and stiffer. Wernham reported that the flowers are axillary, but

in fact they are solitary and terminal on short axillary branchlets.

Although the limits of Lindenia might be extended to include Wern-

ham 's species, Lindenia is a much more uniform taxon if L. acuminatis-

sima is excluded. The true taxonomic position of this collection is uncer-

tain, and proper determination is difficult since its place of origin is un-

known. The single specimen bears the notation "Gardenia mitis. Tobago

Jasmine. Herb. Brown. (Barclay)?" The common name "Tobago Jas-

mine" hardly seems to be evidence that this plant was collected on the

island of Tobago, and evidently there is also uncertainty as to whether or

not it is a Barclay collection. Even if collected by Barclay, it may not

be of Central American origin. Until more collections are available, it

seems best to exclude this species from Lindenia.

Lindenia radicans Wernham in Jour. Bot. 52: 226. 1914.

Type locality. This species is known only from the single type speci-

men, a Hartweg collection (k) made in 1839 but without a number. The
holotype is labeled as having been collected at "Tocotepeque," Mexico;

IMcVaugh (1970) has identified that locality as Jocotepec in the state of

Oaxaca.

From other species of Lindenia this species differs in its long-petiolate.

membranaceous leaves with much more broadly elliptic blades, the inser-

tion of the anthers well within the corolla tube, the 4-parted corolla with

a shorter tube, the unequal calyx lobes which may vary in number, and

the much coarser indument consisting of longer, stiffer hairs. Unlike true

Lindeniae, L. radicans is a recumbent shrub or woody vine. Wernham
reported that elongate cystoliths are present in the membranaceous leaf

blades. These are, however, the raised veinlets which give a rough texture

to the surfaces of the leaves.

In the shape of the corolla and leaves, as well as in indument, Lindenia

radicans is somewhat similar to Tocoyena hirsuta DC. from Brazil. In

the latter species, however, the calyx is smaller and cupular. Until more
collections are at hand, the position of this species cannot be assigned

with certainty and it is best excluded from Lindenia.
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A MONOGRAPH OF THE GENUS PROSOPIS

(LEGUMINOSAE SUBFAM. MIMOSOIDEAE)*

CATALOGUE OF THE RECOGNIZED SPECIES OF PROSOPIS

'

Sect. Prosopis

;'rosopis cineraria (L.) Druce, Rep. Bot. Soc. Exch. CL Brit. Isles

1913, 3: 422. 1914 (see Index Kewensis SuppL 5. 1921); Burkart,

Darwiniana 4: 61. 1940; Macbride, Contr. Gray Herb. 59: 16.

1919. Basionym: Mimosa cineraria Linnaeus, Sp. PI. ed. 2. 2:

1500. 1763, exd. ref. Brown.

osopis spicigera Linnaeus,

osopis spicata Burmann, F

and Macbride, op. cit.

340. 1797; Brandis, H-

Trees to 6.5 m. high; cortex cinereous; prickles internodal, scattered,

straight, somewhat acroscopic, conical with broad bases. Leaves 1-3-

jugate, glabrous or puberulous; petiole and rachis 0.5-4 cm. long, the

pinnae 2-7 cm. long; leaflets 7-14-jugate, ovate, straight to subfalcate,

without nerves (or 2-4-nerved at base, the midrib excentric), mucronate,

4-15 mm. long X 2-4.5 mm. broad, grayish when dry; stipules folia-

ceous, deciduous. Racemes spiciform, 5-13 cm. long, several together,

subpaniculate; peduncle with amplexicaul bract (or 2 bracts united), this

caducous and leaving an oblique scar, 1.5-2 mm. long; bractlets ovate,

sessile, 0.5-0.8 mm. long, caducous; pedicels 0.5 mm., to 1.5 mm. long

when mature; flowers yellow, glabrous; calyx truncate, 0.8-1.2 mm. long;

corolla 3.5 mm. long, glabrous, the petals rolled back in age; anthers

0.8-1 mm. long; pistil glabrous. Fruit slender, elongate, 8-19 cm. long

ionim (ed. 6, 1974, compiled bv P. K. Holmgrei
Stafleu, Reg. Veg. 52).

(Leguminosae)," Darwiniana 4: 57-128. 1940, are
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Vi¥
I'iGURE 1. Prosopis. Lett: Fruiting specimen of P. cineraria (Wig/it 877)

(gh). Right; Fruiting specimen of P. palmeri (/. L. Wiggins 5486) from Baja
California, Mexico (gh); flowering specimen, on same sheet. (5. J. Hammerly
423) from Baja California, Mexico (gh).

(including the stipe 0.8-2 cm.), subcylindric-torulose, 4-7 mm. in di-

ameter, glabrous; pericarp thin, brittle; endocarp segments thin, longi-

tudinal, little developed; seeds distant, longitudinal, ovate, 6 mm. long,

the tegument with open horse-shoe fissural line on faces.

DC, 1825)

coast, Jebel Ali, south of Dubei. Field & Lazar 14 V 1950 (gh); Sud-Arabien.

Wadi Schigu bei Balhaf, Sckweinfurth 147, fl. & fr., 27 III 1881 (us). Iran:

Prov. Kerman, Bam to Faradj, limit, austral, deserti Lut. Aellen & Esfandiari

3902 (mo, uc); same specimen, Rechinger 11-3902 (us). Pakistan: near Ka-
rachi, S. id Abedin 1394 (ny); Karachi University Campus, cult., Asad Raza 99

(mo). India: Punjab, Ghogripur Jungle, Karnal Distr.. Drummond 24318. 24319,

24320, 24322 (uc); Flora Pentapotamica, Hansi in ditione Hissar, Drummond
15139, 15140 (uc); Punjab, Gujranwala Distr., Rougah Drogan Desert. Steunirt

1426 (NYj; India orientaUs. Wight 877 (gh); Hort. Bot. Calcuttensis (us

Uses. According to Sarwar et al. (Pakistan Jour. Sci. Ind. Res. 10:

248-250. 1967, under P. spicigera), this tree grows up to 20 feet in the

former Punjab and is evergreen, being the chief tree in localities where

the rainfall is less than 30 inches a year. Its rather scanty, purplish-
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brown heartwood is preferred to other kinds for firewood. It

sugars, 5 flavonones, fatty acids, and tannins. It is not used

. Prosopis farcta (Solander ex Russell) IMacbride, Contr. Gray Herb,

n.s. 59: 17. 1919; Burkart, Darwiniana 4: 62. 1940; Prosopis farc-

ta (Banks & Solander) Eig, Jour. Bot. (Brit.) 75: 189. 1937

C'farcata"). Basionym: Mimosa farcta Solander ex Russell, The

Natural History of Aleppo, ed. 2. 2: 266. 1794.

Mimosa stephaniana M. Bieb. Beschreibung der Lander zwischen den Fliis-

sen Terek und Kur am Caspischen Meere. 120. 205. 1800.

Acacia stephaniana (M. Bieb.) Willdenow, Sp. PI. 4(2): 1088. 1806; M. Bieb.

Fl. Taur. Cauc. 2: 449. 1808.

Prosopis stephaniana (M. Bieb.) Kunth ex Sprengel, Syst. Veg. 2: 326. 1825.

Lagonychium stephanianum (M. Bieb.) M. Bieb. Suppl. Fl. Taur. Cauc. 3:

288. 1819; DC. Prodr. 2: 448. 1825.

Lagonychium farctum (Solander ex Russell) E. G. Bobrov in Komarov et al,

Fl. USSR 11: 13. 1945 (ed. Israel Program Sci. Transl, Jerusalem 11: 13.

1971).

18 ... , according

Illustration. Bobrov, loc. cit. 17. fig. 1, sub Lagonychium.

Prickly shrubs or subshrubs 30-80 cm. high; sometimes "shrub-trees"

of 2-3 m. or more, subscandent, deep-rooted, and invading by root-suckers

(or rhizomes?); branchlets with white-cinereous cortex; internodes with

dispersed straight prickles 3-5 mm. long, the basal part of the petiole

and peduncle often with one prickle, broad at base, dilated. Leaves re-

calling those of the Acacia farnesiana group, small, (2-)3-7-jugate, com-
monly 4-6-jugate, pubescent (glabrous in one variety) ; rachis plus

petiole 1-3 cm. long, the pinnae 1-2.3 cm. long; leaflets in 10-15 pairs

per pinna, dimidiate-lanceolate, auriculate, nearly enervate, pubescent

(glabrous in one variety), 2-6.5 mm. long; stipules foliaceous, ovate-

acute, larger than the leaflets, 3-6 mm. long, pubescent, very caducous.

Racemes simple, axillary, glabrous, elongate, 4-12 cm. long, multiflorous,

exceeding the leaves; peduncles solitary, lacking a primary bract, pubes-

cent, often with a prickle at base; flowers pedicelled (but many abort-

ing), green, creamy-greenish or yellowish-white, the buds acuminate;

calyx 1 mm. long, puberulous; corolla 3.5-4 mm. long, glabrous outside

and within, the petals linear, nearly free; stamens 4-5 mm. long, the

anthers 0.8-1 mm., with an incurved apical gland; ovary entirely gla-

brous. Legume ca. 1.5-4.5 cm. long X 1.5-2.5 cm. thick, turgid, globose

to cylindric, glabrous, subfalcate; placental suture somewhat prominent,

the opposite one sulcate; exocarp shiny, smooth, orange-red, becoming
black when ripe, thin, brittle; mesocarp spongy or farinaceous, apparent-

ly dry; endocarp thin, segmented, with transverse articles in two longi-

tudinal rows; seeds also transverse, brown, ovoid-compressed, 7-8.5 mm.
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long X 5-6 mm. broad X 2.5-3 mm. thick, with an open horse-shoe fis-

sural line on the faces.

Distribution. North Africa (Tunisia, Algeria (rare), Egypt) and
southwestern Asia (Asia minor, Cyprus, Syria, Palestine, Iraq, Iran, Cau-
casia, Afghanistan, Pakistan, India: Punjab).

Common names. Acatia; schamuth (Arabic); tofshandrnaq (Cau-
casus orientalis), secundum M. Bieberstein "leporis unguem significante"

;

kharnub, shok, according to Blakelock, Kew Bull. 3: 419. 1948 (Iraq).

Ecological and economic notes. Flowering takes place from June
to August and the legumes mature from August to October.

Widely distributed but apparently rare at its western limits, e.g. in

eastern Algeria (Quezel & Santa, Nouvelle Flore de I'Algerie 1: 556. fig.

1634. 1962, sub Prosopis stephaniana) . While collecting in Cyprus, David
Fairchild was impressed by the economic potential of the plant and re-

ferred to it as a range shrub for dry lands "good in spring for sheep and

goats and cattle, a splendid bee plant, [which] roots very deeply" (June

25, 1930, in schedula). In the countries of the Near East it is abundant,

but there it is sometimes considered a weed, especially in Transcaucasia,

where Bobrov {loc. cit.) called it "a noxious weed, readily spreading due
to the formation of root-suckers. Because of the spiny branches, it is little

eaten by livestock and then only when young. The roots contain tannids

and may be of interest as a tanning agent."

Eig, Feinbrun, and Zohary (in a note on the label of their collection

no. 247 from the Mediterranean coast of Israel) are more appreciative.

They refer to the species as "a most important plant, both in the Irano-

Turanian countries and in the countries of its penetration in the Mediter-

ranean region. Its main ecological requirements are deep alluvial soils,

especially with shallow ground water. This seems to be the cause of its

absence in the Mediterranean mountain districts of Palestine. But in the

Irano-Turanian region, its main area, it is less sensitive to the edaphic

conditions and there we found it also in the mountain districts. P.

stephaniana is a leading plant in several associations of Palestine. . . .

We met the most curious form of this species in the Populetum euphrati-

cae of the Jordan Valley, where it is a bush-tree 2-2> m. high, or a liana,

climbing sometimes as high as 8-10 m. on the Populus euphratka trees.

Extremely common in fields of the maritime and interior plains."

The habit of Prosopis jarcta as an invading shrub with root-suckers

or rhizomes, brings it nearer to P. strombulijera (Lam.) Bentham than

to any species of section Algarobia in America, but P. jarcta is not known

as a weed, as it thrives in nontilled, saline soils under semiarid conditions.

Eshel and Waisel (Israel Jour. Bot. 14: 50, 51. 1965) have studied the

salt relations in the growth of this species of Prosopis.

The western border of its natural area seems to be Algeria and Tunisia

(see A. Labbe, Bull. Soc. Sci. Nat. Tunisie 8: 20\. 1955 (sub P. steph-

aniana).
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Neubauer (Ann. Naturh. Mus. Wien 60: 87. 1955. sub P. stephaniana)

observed, in northern Afghanistan, that the species is an invader in wheat

and cotton fields, frequent on clayey, dry soils; where it thrives best, the

soils are considered of good quality.

Selected specimens examined. Egypt: Nil-Thai, Belbes, Schweinjiirth 43,

1880 (r, us); Kharga, N. El Hadidi. 13 VIII 1967 (mo). Cyprus: Yerolakkos,

Larsefi 851 (uc); Nicotia, Kotschy 983 (gh); Epikho, near Kythraea, Fairchild,

Armour Exped. 3572 (us); Limassol, Mavromoiistakis 7, 5, 9 (mo). USSR.

Transcaucasia: Baku, Prilipko, 4 VI 1927. Matveeva 805 (ny), Svovitz 593

(us), steppe, Heideman et al., 2 VIII 1929 (uc); Caucasus, C. Czermak, Mura-

tinsk region. Knorring & Emme 106 (us). Turkestan : Buchara, Hissar, Born-

muller 932 (gh); Regio Transcaspica, Aschabad in steppis ad Mekrowa, Sin-

tenis 445, Kisil Arwat, Karakala, Sintenis 1932, Plant. Turcomaniae, Litwinow

122, Atropatania, Balachany, Petunnikov 3332 (gh, ny, us); Turkestania,

Korshinsky 1256 (gh), 1269 (us), Kegel (si 1047); Sallien et Mingatschour

Georg. Cauc, Hohenacker, Unio Itiner. 1838 (mo). Turkey: Mersina stationary

sand dunes, Eig & Zohary, U VIII 1931 (huj, uc); Cilicia, Plaine de Mersina,

Balansa 491 (gh, us). Palestine: east of Jordan, Paine, 1873 (us); Esdraelon

Plain, Zohary (huj); near Tel Aviv, Eig, Feinbrun, & Zohary 247 (gh, ny,

us); Jericho versus Mare Mortum, Ball 916 (gh); Palestina maritima, F.

Meyers 250 (gh); W. lower Galilee, Tivon, Feinbrun (huj 16398); Tel Aviv,

cultivated ground, Eig, Feinbrun, & Amdursky, VII 1933 (Fl. Palaest. Exsicc.

247; huj). Syria: in planitie prope Aleppum, E. Boissier, VI 1846 (gh); Alep-

po, Sintenis 1447, 26 VIII 1888 (gh); Damascus, Dingier (gh)
;
Palmyra, Field

& Lazar 351 (gh), Iran: Prov. Kerman, Bornmiiller 3654 (gh, us); Iran,

without further locality, Rechinger II 6800 (uc, us) ; Persia, garden ad Rayy,
Field & Lazar 998, Persia austro-orientalis, Bornmiiller 3655, 3656 (gh); Gur-

gan, in fields, Koelz 16110 (us); Chesmagirin, Bakhtiari, Koelz 15277 (us);

Iran (?), in planit. Scheherisur, Haussknecht (uc); Persia, in desert, argilloso-

salsis ad Cyrum, Hohenacker (cord, mo, si)
; Khuzestan, W of Behbahan, Grant

15909 (mo); Kurdistania, Mardin Wuste gegen Khurs, Sintenis 1039 (gh). Af-

ghanistan: Baghlan, 3000 ft. elev., Koelz 12176 (us); Helmund Valley, Lotig 394
(us). Iraq: Abul al Kasib, Basrah Liwa, date orchard, Barkley & Abbas al Ani

8905 (gh); Falluja, Bagdad Liwa, Grant & Barkley 8560 (ny); Wadi Bakok,

Mosul, Grant & Barkley 8990 (gh)
; Kut Liwa, near Nuamaniya, Digila River, /.

Brahim M. 6191 (ny); Inter Chanikin et Baghdad, Rechinger 2147, Baghdad
Liwa, Abbas & Brahitti 13 (mo). Pakistan: (?) N.W. Himalaya, Peshawar,

N.W.F.P., Islamia College, Stewart 9161 (ny).

Prosopis farcta var. glabra Burkart, var. nov.

A var. farcta differt foliis foliolisque omnino glabri
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3. Prosopis koelziana Burkart, sp. nov.

Affinis Prosopidis cinerariae, arborea, aculeata, cortice cinereo; aculei

sparsi 3-6 mm. longi; folia 2-3 -juga (an semper ?), subglabra. pinnae
1.5-2 cm. longae, foliola 10-11-juga, rachides subpilosae; foliola 3-5 mm.
longa X 1.1-1.5 mm. lata, lanceolata subdimidiata acuta subfalcata ob-

scure 1-2-nervosa, margine exteriori ciliolato caeterum glabra. Spicae

axillares solitariae 6-7 cm. longae; flores desunt. Legumen lineare, 4-6

cm. longum X 8-10 mm. latum, ad basin cuneatum breviterque stipitatum,

subtorulosum subrectum puniceum, stipite 0.8-1 cm. acumine 5 mm. longo;

indehiscens subcoriaceum farctum; semina circiter 6-8 in pseudoloculis

ovatis oblique transversis, subcompressa ovata fusca, 5-5.5 mm. longa.

Type specimen. Iran: Madenu, Kirman, in desert, Koelz 14246,

December 26, 1939 (us 2194261, holotype).

This new species is intermediate between Prosopis cineraria (L.) Druce
and P. jareta (Solander ex Russell) Macbride, the leaves being similar

to those of the first species. It is easily distinguished from both of

these species, however, by its peculiar fruits, which are stipitate and

cuneate at base as in P. cineraria, but much shorter, thicker, and with

transverse seeds, approaching by this character P. jareta. However, in

P. jarcta, the pods are much thicker, shorter and abruptly narrowed at

base. It may be a natural hybridogen "stirps" originated by the cross P.

cineraria X P- jarcta. According to the collector, it is a tree up to 10

feet high, with crimson-colored fruits. The material is scarce, but the

ripe legumes are very characteristic and different from those of any species

known at present. Their red color seems to be a good character; the ripe

fruit of P. jarcta appears to be black and that of P. cineraria brown.

Observations. This species is named for the collector, Dr. Walter

Norman Koelz of Michigan, U.S.A., a zoologist and botanist temporarily

engaged in Asiatic research (see: American Men of Science, A Biographical

Directory, ed. 11. Physical and Biological Sciences. 2861. J. Cattell Press,

New York & London. 1965). The type may be a duplicate of a specimen

at the University of Michigan, Ann Arbor, which I have not seen.

4. Prosopis africana (Guill., Perr., & Rich.) Taubert in Englei

Prantl, Nat. Plianzenfam. 3(3): 119. 1891; Burkart, '^

4: 62. 1940; Brenan in Hubbard & Milne-Redhead, Fl. Trop. E.

Africa, Leguminosae subfam. Mimosoideae, 36. 1959.

\ Guill.. Perr. & Rich., Florae Senegambiae Tentamen 1:



456 JOURNAL OF THE ARNOLD ARBORETUM |voL. 57

Prosopis oblonga Bentham, Hooker's Jour. Bot. 4: 348. 1842; Bentham, "Re-

vision of the Suborder Mimoseae," Trans. Linn. Soc. 30: 377. 1875; E. G.

Baker, The Leguminosae of Tropical Africa 3: 805. 1930.

Prosopis lanceolata Bentham, Hooker's Jour. Bot. 4: 347. 1842.

Illustrations. Volkens, Notizbl. Bot. Gart. Berlin, App. 22: 10. 1909;

Engler, Die Vegetation der Erde 9. Pflanzenwelt Afrikas 3(1): 394. jig.

225. 1915; Brenan in Fl. Trop. E. Africa, 35. jig. 10. 1959; Institut Fran-

gais d'Afrique Noire, Icones PI. Afr. 2: 30. Ifan-Dakar. 1953. G.

Figueiredo & A. Sousa, Mem. Soc. Brot. Univ. Coimbra 1: 37. tab. 23.

1930 (sub P. oblonga Bentham).

Unarmed, tall trees, ca. 4-20 m. high; branches without axillary brachy-

blasts, the twigs and leaves somewhat pubescent, the branchlets and

leaves dullish red when dry. Leaves drooping, 1-4-jugate, ample, the

petiole 3-5 cm., the rachis 5-9 cm., the pinnae 6-15 cm. long; leaflets in

4-13 pairs, opposite, variable, ovate-lanceolate, 1.3-3.5 cm. long X 0.4-

1.5 cm. broad, glabrous or finely pubescent, costate to slightly pinna-

tinerved, uniformly colored, reddish when dry, the midvein subcentral,

the acroscopic half of the leaflet slightly larger. Racemes spiciform, ca.

5-9 cm. long, axillary, solitary or geminate, densely flowered; rachis

pubescent; pedicels 0.5 mm. long, pubescent; flowers small, yellowish or

greenish-white, perfumed; calyx 1 mm. long, pubescent; corolla 3.5 mm.
long, the petals linear, free, glabrous on both sides; anthers with apically

broadened and apiculate, incurved connective, pedicelled gland globose

and incurved; pollen with costae on the pores; ovary and style pilose to

villous. Legume indehiscent, straight to subfalcate, brown to blackish,

shiny, subterete, 10-20 cm. long X 1.5-3.3 cm. in diameter; exocarp hard,

1-2 mm. thick; mesocarp spongy, massive, apparently dry; endo-

carp segments thin, longitudinal in one row; seeds many, dark, shiny,

ovate-compressed, 8-10 mm. long X 4-9 mm. wide, with endosperm;
fissural line large, submarginal; mature fruit sounding like rattlesnake

tails when shaken.

Area and ecology. Tropical Africa, the whole savannah belt south

of the Sahara and north of the great rain forest districts, especially in

mesophytic woodland, from Guinea to the Sudan, Uganda, and Ethiopia.

Uses. The bark is used as a medicine in case of fevers. The wood has

a great variety of uses, including its use as a charcoal; in certain coun-

tries stands of Prosopis ajricana have been destroyed by exhaustive ex-

ploitation (see Adam, Echart, & Lescot, "Plant. Medic. Hausa de I'Ader

(Rep. Niger)," Jour. Agr. Trop. Bot. Appl. 19(8-9): 331. 1972). Un-
like the American Algarobiae, the fruits seem to be dry and inedible. The
wood is hard and very resistant to putrefaction and insect attack. Proso-

pis ajricana is a tree of quick growth (Devillers & Schnell, Icon. Pi. Afr.

2: 29. 1953) and probably worthy of trials for reforestation programs.

MATERIAL examined. West Tropical Africa: without further locality, Mann
1193 (gh, ny). Nigeria: northern part, Yates 15 (k), /. M. Dalziel s.n. (mo).
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Senegambia: Heudelot, photograph of type of P. oblonga Bentham (us). Guinc-
Bissau: Estrada de Prabis, Brigada Estac. Florestais Guine no. 10 (r 76448);
Bor, Espirito Santo Expl. Bot. 1 (mo). Sierra Leone: Small 446 (mo). Ghana-
Gold Coast, savannah forest tree, Epira, Vigne 2042 (gh, mo, us); Yalinga,
Haut Drebangui, Le Testu 2703 (gh, ny, uc). East Tropical Africa. Uganda:
Akka Ferry, Aswa River, Chua, Eggeling E-1688 (mo, nv); Uganda, without
further locality, Lind 2414 (mo). Ethiopia: Nubaland, Tira, Kotschy 381 (ny.

Sect. Strombocarpa
Ser. Strombocarpae

5. Prosopis strombulifera (Lam.) Bentham, Hooker's Jour. Bot. 4:

352. 1842; Bentham, Trans. Linn. Sec. London 30: 380. 1875;
Burkart, Darwiniana 4: 71. 1940. Basionym: Mimosa strumbulij-

era Lamarck, Encycl. Meth. Bot. 1: 15. 1783 ("1789").

Acacia stmmbuUjera (Lam.) Willdenow, Sp. PI. ed. 4. 4(2): 1055. 1805;

DC. Prodr. 2: 455. 1825.

Spirolobium anstrale D'Orbigny, Sertum Patagonicum tab. 13. 1839.

Strombocarpa strombidijera (Lam.) A. Gray, Boston Jour. Nat. Hist. 5: 243.

1845; Bot. United States Expl. Exped. 1: 475. 1854; Hutchinson, Genera
of Flowering Plants 1: 287. 1964.

Spiny shrub 0.1 5-1.5 (-3) m. high, with small foliage and long under-

ground, spreading, horizontal runners (probably gemmiferous roots)

;

branches flexuous, the spiny stipules straight, cinereous, very decurrent,

0.1-2 cm. long. Leaves 1-jugate, glaucous, puberulous or glabrescent;

petiole 2-15 mm. long, the pinnae 1-3 cm. long; leaflets distant, alter-

nate to opposite, 3-8 pairs per pinna, the distance between pairs 1 to 3

times their own width, in the upper leaves somewhat less; leaflets ob-

long, obtuse, enervate or slightly 1-3-nerved at base, 2-9 mm. long X
0.8-2 mm. broad. Peduncles axillary, solitary, 1.5-5 cm. long, elongat-

ing when the fruits ripen; globose heads ca. 1.5 cm. in diameter at an-

thesis; flowers yellow, the young filaments red; calyx and corolla striate,

the former puberulous, 1.5-2.2 mm. long, the petals united the distance

of their width, 3-4 mm. long, villous within; stamens and style exserted;

ovary villous. Fruits lemon-yellow when ripe, puberulous when young,

radiating (1-21 in number) from the receptacle as straight cylindrical

bodies 1.8-5.2 cm. long X 0.6-1.0 cm. in diameter, formed by 8 to 17

dense, closed, regular coils (like corkscrews) each, 3-5 mm. thick; exo-

carp crustaceous; endocarp delicately segmented in longitudinal articles

that are easy to open; mesocarp pulpy, tannic, reddish; seeds ovate,

grayish green, 4.5-5.4 mm. long.

Common names. Retorturio; mastuerzo; espinilla; algarrobilla; pata

de loro; seca trapo; retorton (Chile).

Distribution. Western Argenti

cavelica, Mayocc, according to C.
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tonio Abad, Cuzco, 2: 3-6. 1968), but the illustration given (fig. 1)

and the specimens collected agree better with P. reptans.

One specimen seen from the United States, Imperial Co., California

(see below) was introduced, but is reported as escaped (Munz, 1959,

cited by D. Isely, Madrono 21: 296. 1972). Clos, in Gay, Fl. Chilena 2:

249. 1846, states that this screwbean was cultivated in gardens at Santiago,

Chile, at that time, the fruits being used as a remedy for toothache.

Material examined. United States. California: Imperial Co.. Bard, SW
corner of the old U.S. Dept. Agriculture Exp. Sta., Osborn & Flock, 3 VII 1963
(uc). Chile: Tarapaca, R. A. Philippic 1888 (us); Atacama, Copiapo, Werder-
mann 932 (mo, ny) ; Copiapo, /. M. Johnston 4980 (us) ; Coquimbo, Ovalle, La
Chimba, Kausel 3300 (ny, si); La Chimba, Wagenknecht 168 (si), C. Jiles P.

497 (si); Aconcagua, Mexia 7850 (ny, us); Rancagua, in hortis cult.,

Bertero, Oct. 1828 (sgo). Argentina. Salta: Cafayate, Senn 4115, Humbert
21039, Killlp 39542 (us); Cafayate, Hueck 4 (si); Cafayate a Sta. Barbara,
Ruiz Leal 12200 (si). Tucuman: Tafi, Ventiiri 4274 (lp, us); Valles Calcha-
quies, Castillon 9020 (lil, si). Cordoba: Dept. Ischilin, S. Jose de las Salinas.

Hosseus 687 (cord). La Rioja: Salinas Grandes, entre Baldes y Nabar, Hieron-
ymus & Niederlein 158 (cord); Vinchina, Covas 1270 (ny); J. H. Hunzi-
ker 2036); Villa Union, T. Meyer 4149 (uc, us); Villa Castelli, T. Meyer
4066 (uc, us); General Lavalle, Los Palacios, Palacios, Balegtw & Cuezzo 1655
(mo). San Juan: S. Juan a Calingasta, Sayago 2458 (si); Calingasta. Pachaco,
Rodrigo 3042 (lp, si); Ullun, Rodrigo 2825 (lp, si); Valle del Zonda, Bart-
lett 20511 (si, us); S. Juan a Mendoza, Km. 24, Nicora 4278 (gh, si); Dept.
Albardon, El Salado, Volponi & Zardinl 97 (lp, si). Mendoza: Sta. Rosa, Las
Catitas, Ruiz Leal 7976-220 (us); Travesia, Herb. Miers 447 (us); La Paz,
Paso de las Tropas, Ruiz Leal 9932 (si); Las Heras, BorboUon, /. H.Hunziker
3155, Soriano 1107 (si); Dept. San Martin a Sta. Rosa, Ruiz Leal 9588, Maipu,
R211Z Leal 1648, Las Heras, Ruiz Leal 3550, Las Catitas, De la Barrera 2223 (si);

San Rafael, Dawson & Pujals 1681 (bab, si); Rivadavia, Catena, Herb. 0.
Boelcke 476 (si); Dept. La Paz, Desaguadero a Bajada del Gato, Ruiz Leal
8885, 8931 (si); Lujan, Dique Cipoletti, Dawson & Pujals 1387 (bab, si); Men-
doza, without further locality. Rose & Russell 20974 (ny, us). San Luis: Las
Palmas, Isern 8060 (ma. si); El Morro, F. Pastore 29, Alto Pencoso, Bruch &
Carette^ 100 (si); Dept. Pedernera, Cramer a Villa Reynolds, Anderson 1499,
B. S. Vuilleumier 1010 (gh, si). Neuquen : Cabo Alarcon, camino de Piedra del
Aguila a Neuquen, Nicora 4000 (si). Rio Negro: Cipoletti, Rasp 82 (si), Scala
34 (ny); General Roca, Soriano 1233 (si), Fischer 72 (mo, ny us)- Pichi Ma-
huida, O'Donell 1589, Eyerdam, Beetle, & Grondona, Univ. Calif. Exp. Andes.
II 23473 (si); Dept. Conesa, Conesa, Eyerdam, Beetle, & Grondona, Univ. Calif.
Exp. Andes, II 23558 (mo, si); Conesa, T. Meyer 7083 (si). La Pampa: Gua-
trache, /. J. ds Hertidndez ex Burkart 5956 (si) ; General Acha a Lihuel Calel,
Laguna La Asturiana, Bacigalupo (si 2QS22). Buenos Aires: Partido Villarino.
Pedro Luro, Bartlett 19921 (si, us). Argentina, without further locahty (Cor-
doba?), "Pampas," Kuntze, I 1892 (us).

Uses. The fruit of Prosopis strombulifera is commonly collected and
offered for sale in markets as a remedy. The Italian traveler and botanist
C. Bertero found the plant grown in central Chile (Rancagua, in hortis)
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in the year 1828 and noted that the legume was considered a remedy.

Perhaps its curious shape lends itself to being used for imaginary cures.

Hosseus states that the fruits are astringent and diuretic.

The roots contain a brown dye and may be used for tanning.

Prosopis strombulifera (Lam.) Bentham, var. ruiziana Burkart, var.

A typo differt solummodo fructibus duplo maioribus crassioribusque, i.e.,

6-7 cm. longis X 1.3-1.4 cm. diametro, spiris 12, 5-6 mm. crassis, ad

medium subsulcatis; fructuum numero per capitulum 1 vel 2 (in var.

strombulifera, 1-21).

This variety differs from the common typical variety in its large fruits,

6-7 cm. long X 1-3-1.4 cm. thick, with 12 coils 5-6 mm. thick; there

are only 1 or 2 legumes formed on each flower-head.

Prosopis strombulifera var. ruiziana is dedicated to the collector. Pro-

fessor Dr. h. c. Adrian Ruiz Leal, University of Cuyo, Mendoza, Ar-

gentina, who discovered it. Prosopis strombulifera var. ruiziana was grow-

ing with var. strombulifera and was selected intentionally because of the

fruits, nearly twice the size of those of var. strombulifera, and the cor-

related small number of legumes per head, in contrast to var. strombulifera,

in which these number from one to as many as 21 per head.

Type specimen. Argentina. Mendoza: Dept. Junin, in aridis salsis

inter Barrancas et Rodriguez Pena, Adrian Ruiz Leal 3787, with mature

fruits, 25 II 1936 (holotype si; isotype in Herb. Ruiz Leal, Univ. Cuyo).

This may be a natural tetraploid form.

6. Prosopis reptans Bentham, Hooker's Jour. Bot. 4: 352. 1842;

Bentham, Trans. Linn. Soc. London 30: 381. 1875; Burkart, Dar-

winiana 4: 74. tab. V. 1940.

Strombocarpa reptans (Bentham) A. Gray. United States Expl. Exped. Bot.

1: 475. 1854.

Prosopis abbreviata Bentham var. argentine Grisebach, PI. Lorentzianae in

Abhandl. Ges. Wissensch. Goettingen 19: 85. 1874.

Low, spiny desert shrub, with underground runners (gemmiferous roots

or rhizomes?) by which it invades the soil. Very near P. strombulifera

in all of its characters, but with difi'erent leaves; leaflets smaller, more

pubescent and close to each other on the rachis of the pinna, even on the

long shoots, so as to touch by their margins or become imbricated when

in "sleeping" position. Heads axillary, globose; corolla striate. Fruits

yellow, in close, dense, regular, numerous (up to 19) spirals, forming a

cylindrical body ca. 5 cm. long X 7 mm. diameter, held in radiate posi-

tion and not intermingling.

Distribution. Central Argentina; apparently also in Peru.

Common names. Mastuerzo; retortufio.
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Material examined. Peru: Huancavelica, Mayocc, at 2100 m. elev., Diers

942, flowering, 11 XII 1960 (si); Tayacaja, Mayocc, Vargas 12856 (mo). Ar-

gentina. TucuMAX ; Cruz Alta, Araoz, Schreiter 3977 (lil, si) ; Leales, Tres
Pozos, Descole & Schreiter (lil 68255; si); Cruz Alta, Venturi 7495 (us);

Leales, Villa Carenzo 3497, De la Sota 132 (lil). Santiago del Estero: Brea
Pozo a Rio Huayco Hondo, Bartlett 19748 (ny, si, us); Colonia Dora a Anga,
Ragonese & Castiglioni 6680 (bab, si); Route 9, just south of Loreto, B. S.

Vuilleumier 1035 (gh, si); Santiago del Estero, without further locality, Arga-

nards 135 (si). Cordoba: Totoralejos, horde de las Salinas, Burkart 12913 (lil,

si); Totoralejos, 0. Kuntze, Nov. 1892; Cafiada del Gobernador, Isern 8030,

flowering, 13 II 1863 (ma, si); Salinas Grandes, Km. 907, Soriatw 771, 760
(si); Cruz del Eje, O'Donell 4530, T. Meyer 12837 (lil); Dept. Rio Seco,

Saladillo, Sayago 2215, Dept. Ischilin, Villa de Quilino, Sayago 2094, Dept.
Tulumba, Totoralejos, Sayago 2046 (si); SaHnas Grandes, Lorentz & Hierony-

I XI 1872 (ny); Cordoba, without further locality, Kuntze, Dec.

Fe: Logroiio, FCE, Estancia Las Norias, Dept., 9 de
'• •

?35 (SI).

Observations. This is the first mention of Prosopis reptans for Peru.

It bridges the gap between the areas of var. reptans and
(see below).

Prosopis reptans Bentham var. cinerascens (A. Gray) Burkart, Dar-
winiana 4: 75. 1940; Benson, Am. Jour. Bot. 30: 238. 1943. Basio-
nym: Strombocarpa cinerascens A. Gray, PI. Wrightianae 1: 61.

1852.

Prosopis cinerascens (A. Gray) Bentham, Trans. Linn. Soc. London 30: 381.

1875; Benson, Am. Jour. Bot. 28: 754. 1941; Isely, Madrofio 21: 289. 1972.

Spiny shrub 1-4 dm. tall, distinguished by more pubescence than in

var. reptans- leaflets slightly larger (4 mm. long and pubescent or gla-

brous; calyx and corolla striate, as in related species, the calyx 2-2.5 mm.
long, the corolla 4 mm. long; anthers 1.5 mm. long. Legume cylindrical,
yellow, in 9 to 12 close, regular coils.

Common names. Screwbean; tornillo.

Material examined. U.S.A. Texas: Willacy Co., Port Mansfield, sand dunes
at bay, Cretghton 131 (coLo); Brooks Co., Gould, Reeves, & Morrow 6583
(uc); Point Isabel Road, Rose & Russell 24258 (us); Green Island, Tharp
1238, Carrizo Springs, Dimmit Co., E. J. Palmer 33766, Laredo Orcutt 5775,
Brownsville, Fisher 41121, Cory 51422, Schiller 938, Cameron Co., Traverse
1088 (MO, us); Webb Co., Lundell 13804 (us); Lower Rio Grande, A. Schott,
in 1853 (us); Webb Co., Aquilares, Tharp et al. 51-1688 (lil); Bro\\'nsville, clay
dune, Small & Wherry 11843 (lil); Cameron Co., along coast, Tharp & Gini-
brede 52-519 (mexu); Webb Co., Lundell 13804 (tex). Mexico. Tamaulipas:
sudeste de Matamoros, Medrano 663 (mexu); Santa Teresa Laguna Madre,
Medrano 47 (encb).
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, Recent phytochemical analyses by N. J. Carman (1973)

strongly support the specific identity of Prosopis reptans var. reptans

and var. cinerascens. As could be expected from the morphological simi-

larity, no differences from Prosopis strombulijera could be detected. Per-

haps all three taxa are only one natural species with some variations.

Even the recognition of the Texan plant as a variety is problematic.

\'ariation occurs in the Texan material of var. cinerascens. Tharp and

Gimbrede's collection no. 52-519 bears glabrous leaflets and puberulous

legumes.
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7. Prosopis abbreviata Bentham, Hooker's Jour. Bot. 4: 352. 1842;

Burkart, Darwiniana 4: 70. 1940; Ibid. 9: 77. 1949.

Strombocarpa abbreviata (Bentham) Hutchinson, Genera of Flowering Plants

1: 287. 1964.

Small tree, ca. 2-i m. high; trunk short, to 10 cm. in diameter; branches
armed with the spiny stipules characteristic of the section, up to 3.5 cm.
long. Leaves unijugate, short-petioled, glabrous; leaflets minute, approxi-

mate, in 5-16, mostly 8-15 pairs per pinna. Flower heads ovoid-elliptic,

the rachis 1 cm. long; peduncles axillary, 1.5-3 cm. long; calyx 2 mm.,
the petals 4 mm. long; ovary villous. Legumes in 2-1 y.. irregular, closed,

dense spirals, coiled, 2-4 cm. long X 1-1.5 cm. in diameter, brownish,
puberulous; endocarp segmented; seeds 4.5 X 3 mm. long and broad.

Distribution. Endemic in west-central Argentina (in the provinces
of Catamarca, Cordoba, Santiago del Estero, San Juan, and San Luis).
A rather rare species, perhaps because of early exploitation. Used for

firewood.

Common name. Algarrobillo espinoso.

Material examined. Argentina. Catamarca: Dept. Belen, Huiliche (La
Cienaga), Schreiter (lil 68581; si); El Carrizal, Devoto & Rial Alberti, Herb.
Dir. Forestal 1686 (si); Dept. Belen, La Cienaga, Sayago 2259 bis. fl. & fruct., I

1956 (si). Cordoba: Salinas Grandes, Km. 907, Soriano 793 (si). San Juan: La
Laja, north of S. Juan, /. C. Tinto, Herb. Dir. Forestal 2018 (si). San Luis:
Dept. Capital, Alto Pencoso, Bruch & Curette 100 (lp, si); Laguna Seca.
Bntch & Carette 211 (lp, si).

Observations. Prosopis abbreviata is a well-marked species, with no
problems of delimitation. Prosopis torquata is similar in its tree habit,
but it has different fruits, with a few open coils. Prosopis strombuUjera
IS shrubby with underground runners; its fruits have more numerous,
regular coils and yellow exocarp. Prosopis burkartii has affinity with

"
I bushy, creeping habit, with longer spikes, larger

more irregular, shorter legumes.

8. Prosopis torquata (Cavanilles ex Lagasca) DC. Prodr. 2 : 448. 1825;
Burkart, Darwiniana 4: 66. illustr. 1940.

Acacia torquata Cavanilles ex Lagasca. Elench. PI. Hort. Matrit 16. 1816;
Lagasca, Gen. Sp. PI. 16. 1816.

Prosopis adesmioides Grisebach, PI. Lorentzianae in Abhandl Ges Wissensch.

^
Goettingen 19: 84. 1874; cf. Burkart, loc. cit.

Strombocarpa torquata (Cavanilles ex Lagasca) Hutchinson, Genera of
Flowering Plants 1: 287. 1964.

Erect or spreading shrub or small tree 1-5 m. high, spiny, small-leaved;
stipules spiny, as in the related species, more robust on vigorous shoots,
0.1-5.5 cm. long. Leaves 1-jugate; petiole 1-4 mm. long; leaflets 14-30
pairs per pinna, approximate to imbricate, small, oblong, obtuse to sub-
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acute, 1 -nerved, glabrous or mostly pubescent, 2-4 mm. long X 0.6-0.8

mm. broad; pinnae 0.5-3.5 cm. long. Spikes axillary, ovoid to cylindric,

3-8 cm. long (including peduncle of ca. 1 cm.); flowers about 40-55 per

inflorescence, bright yellow, sessile, glabrous outside; calyx 1.5 mm. long;

petals 3-4 mm. long, united to their middle; stamens twice as long; ovary

villous, the style 4 mm. long. Fruit puberulent in 1-3 irregular spirals,

these rather open; articles compressed-globose, with isthmi 2-5 mm. broad,

excentric, each one 5-8 mm. long and broad; mesocarp pulpy; endocarp

segments hard, closed, approximately 6X6X4 mm., disclike, ca. 8-13

per legume.

Distribution. Argentina, northwestern provinces, apparently endemic.

Common and important in the semidesert Monte-vegetation, from Salta

southward to San Luis and Mendoza.

Common names. Tintitaco, quenti; schinqui, tusca, lata.

Material examined. Argentina. Salta: Cafayate a Sta. Barbara, Rjiiz Leal

12198 (si); Cafayate, Krapovickas & Cristobal 20679 (si); S. Carlos, Angas-

taco, Ruta 40, Krapovickas & Cristobal 20639 (si); Coronel Moldes, Dawson

& Calastreme 2012 (bab, si), Bartlett 19667 (si, us); Guachipas, Peirano (lil

71730); Payogasta, Ruiz Leal 21292 (si); Rosario de la Frontera. Schuh 6554

(si); Alemania a Cafayate, Schuh 6640 (si). Tucuman: Dept. Tafi, Amaicha.

2120 m. elev., Krapovickas & Cristobal 20546 (si); Dept. Trancas, Vipos, Lillo

7246, Schreiter 4596 (lil, si); Julipao (Cumbres, Calchaquies, at 1900 m. elev.).

Morello 1248 (si); Las Areas a Tiapunco, Schreiter 4739, Cruz Alta. Tacanas,

Schreiter 4605 (si). Catamarca: Belen, El Pozo, Sayago 1584, Cerro de la

Banda, Sayago 1478 (si); Capital, Las Rejas, Vlibarri 461 (si); Andalgala.

Parodi 14249 (si) ; Campo Las Heras, F. E. Devoto, Herb. Forestal 1678 (sr)

;

Campo de Belen, Sayago 2011 (cord, si); Los Xacimientos, Falcone & Castel-

lanos, Herb. Forestal 3554 (si); La Puerta y Yacutula. Sayago 640 (si): An-

dalgala, Solbrig 4216 (gh, si), Joergensen 969 (mo). La Rioja: Oral. San Mar-

tin, Estancia Copahue de Mangino, Anderson 1526 (si); Chilecito, Cerro Bola,

Dawson 3436 (lp, si); Chilecito, T. Meyer 3511 (uc), 4101 (gh); Guandacol,

T. Meyer 4995 (us); Route 38, 38 km. south of La Rioja, B. S. Vuilleumier

1019 (gh, si); Route 9, 46 km. north of Bazan, B. S. Vuilleumier 1021 (gh,

si). San Juan: Jachal, Cuesta de Huaco, Ruiz Leal & Roig 18851 (si), Cabrera

et al. 24556 (lp, si); Jachal, La Cienaga, Cabrera et al. 24542 (lp, si); Valle Fer-

til, Fabris & Zuloaga 8327 (lp, si), Piccinitii & Leguizamon 1773 (si); Caucete,

camino a Vallecito, Rodrigo 2876 (si); S. Agustin del Valle Fertil, Bartlett

19556 (SI, us) ; Pismanta, Ruiz Leal & Roig 18979 (si). Santiago del Estero:

Ojo de Agua, Sayago 1379 (si); Dept. Copo. Los Tigres, Roig 8 (si); Espada,

Argaiiards 363 (si) ; El Palomar a Pampa Pozo. Schreiter 6720 (lil, si)
;
Dept.

Ojo de Agua, Navarro, Sayago 2807b (si); Gimenez. Gramilla, Ve7ituri 9749

(gh, mo). Cordoba: Cordoba a La Calera, Hieronymus 125 (cord, us); San

Javier, Loma Bola, /. H. Hunziker 8288 (sij; Capilla del Monte a Cruz del

Eje, Burkart 20408 (si); Cerritos de Malagueno, A. T. Hunziker 7820 (cord,

si); Dept. Tulumba, S. Pedro a Pozo del Algarrobo, Sayago 1886 (si;; Sierras

del Oeste, Bdez 27 (si); Sta. Maria, Los Chinos, -Sayago i42^,Rio^Seco,
'

Sayago 301 (si). San Luis: S. Luis (

si); La Calera, Burkart 10716, Alto
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iguadero a JarilLi, Ruiz Leal 9092, 9442. 9934 (si), Bajo de \'elis,

j). Me.ndoza. Dept La Paz. PdbO de las Tropas, Ruiz Leal 9067

Uses. Wood for fuel.
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Prosopis pubescens Bentham, London Jour. Bot. 5: 82. 1846; Ben-
tham, Trans. Linn. Soc. 30: 380. 1875; Jepson, Fl. Calif. 2: 240.

1936; Burkart, Darwiniana 4: 69. 1940; Benson, Am. Jour. Bot.

28: 753. 1941; Shreve & Wiggins, Fl. Sonoran Desert 1 : 603. 1964;
Isely, Madrofio 21: 294. 1972; Standley, Contr. U. S. Nat. Herb.
23:350. 1922.

Illustrations. Sargent. Sylva X. America 3: 107. tab. 138. 1890 (ed.

1947); Jour. Torrey Bot. Club Expl. California, in Rep. Expl. Surv.,

Railroad fr. Miss. R. to Pacific Ocean 5, 7: 360. pi. 4. 1853.

Tall shrub or tree 2-10 m. high, much branched; trunk short, to 30-

40 cm. in diameter; stipules spiny, straight, cinereous, decurrent, 0.2-2

cm. long. Leaves 1 -jugate, short-petioled ; leaflets elliptic-oblong, in 5-

9 pairs per pinna, pubescent, not overlapping, slightly 1-3-nerved at base,

subacute, 4-12 mm. long X 2-4 mm. broad. Spikes axillary, simple,

elongate, 5-8 cm. long (including the peduncle of 1-1.5 cm.); florets pu-

bescent, sessile, yellow; calyx 0.7-1.2 mm.; corolla 2-3 mm. long, gamo-
petalous, thin, the petals 1-costate, finely pubescent outside and on the

inner apex; stamens 4-5 mm. long, the anthers 0.5-0.8 mm. long; ovary

white-villous, the style glabrous; young fruit 4-5 mm. long, densely white-

villous and already 2 to 3 times coiled. Fruits very similar to those of

P. strombulijera and P. reptans, divergent on the rachis. never intermin-

gling, puberulous or glabrescent, with 8-24 dense, closely set spirals, form-

ing on the whole a cylindrical, yellow body 2.5-5.5 cm. long X 5-6 mm.
in diameter; seeds reni form-ovoid, 3-3.5 mm. long; endocarp thin.

Common names. Screwbean; tornillo.

Distribution. Southwestern North America; IVIexico (Baja California

to Chihuahua); U.S.A. (California to Utah, Arizona, New Mexico, Ne-

vada, Texas) ; bottomlands along streams and waterholes in desert cli-

mate; naturalized in South Africa.

Material examined. U.S.A. California: San Bernardino Mts.. Parish

2982 (us); Colorado Desert, Riverside, lower Sonoran Zone, C. B. Wolf. Ran-

cho Sta. Ana Bot. Gard. 4348 (coLo); Indio, Thackery 377 (coloI; Imperial

Valley, /. B. Marks. IV 1948 (lil); California, Brandegee. V 1912 (uc 185747);

N. lower Calif., C. R. Orcutt. 21 VII 1885. S. Diego Co.. Abrams 3999 (ny);

Riverside Co., Palo Verde Valley, Carter 1430 (mo, ny, us); Riverside Co.. W.
Colorado Desert, M. D. Clary, V 1931 (si); Little S. Bernardino, Mum &
Johnston 11231 (si). Nevada: Clark Co., Charleston Mts.. Clokey 8397 (lil,

MO, NV, us); Las Vegas on Highway 91, Raeder 171 (coloi. Utah: Washing-

ton Co., St. George, Eggleston 14789, 14793 (ny, us), M. E. Jones 6089 (vs).

Arizona: Sacaton, Harrison 163, Harrison & Kearney 2311 (us); Tucson,

Thomber 451 (us); Arizona, without further locality, Pri^igle 1370 (ba. goet).

New Mexico: Black Range, Animas Creek, Sierra Co., Metcalfe 1116 (colo.

LIL, mo); Dona Ana Co., El Paso, Lee, Berkman, & Tharp 46310 {vc); Dona
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Ana Co., Mesilla Valley, Wooton & Standley 3173 (colo, ny. us), Wooton 18

(mo, us); Jornada del Muerto. G. Engehnann, 29 VII 1846 (mo); New Mexi-

co, without further locality, E. 0. Wooton, 26 VI 1902 (colo). Texas: Presi-

dio Co., Sierra Tierra Vieja, Hinckley 1897 (ny); Porvenir, York 48245 (tex);

near Rio Grande, Steiger 457 (ny); Presidio Co., along Rio Grande, Ciitler

1917 (mo, si); Texas Co., Turner 3654 (tex); El Paso, E. J. Palmer 31090
(mo). Mexico: Baja California, Alaska to Mexicali, Wiggins & Gillespie 4178,

4179 (gh, mexu, ny); Baja California, Mexicali, Inst. Biol. Herb. 3454 (mexu);
Chihuahua, C. G. Pringle, 12 VIII 1887 (mexu); Palm Valley, C. R. Orcutt,

June-July 1883 (mo). South Africa: Carnarvon District, forming thickets along

river at Van Wyk Vlei, Acocks 1788, flowering. II 1937 (ny).

Observations. A well-characterized species, without problems of de-

limitation. It has been called Prosopis odorata or Strombocarpa odorata,

but these names are to be rejected (see Benson, 1941, and list of excluded

names at end of this paper).

On one raceme normally only a few legumes develop, but in Cutler's

specimen no. 1917, from Presidio County, Texas (mo), as many as 35
unripe legumes are seen on the same peduncle.

the legumes are important

Prosopis palmeri S. Watson, Proc. Am. Acad. Arts Sci. 24: 48.

1889; Standley, Trees and Shrubs of Mexico, Contr. U. S. NatL
Herb. 23(2): 351. 1922; Burkart, Darwiniana 4: 62. 1940.

Shrub or tree 1.2-6(-7.5) m. high, much branched, spreading symmet-
rically, flat topped; trunk to 1-3 m. long, reaching 45 cm. in diameter;
bark gray or dark purple, splitting off in long strips; branchlets spiny,
finely pubescent or subglabrous; the spiny stipules as usual straight,

paired, cinereous, 0.5-3.5 cm. long, caducous with age: wood very hard,
dark purple; brachyblasts congested, perennial, blackish, elongating to

1-2 cm., capable of a reversion to macroblasts by apical growth. Leaves
1 -jugate; petiole short, to 5 mm. long, the pinnae 2~i cm. long; leaflets

3-10 pairs, glabrous, elliptic-oblong, obtuse or mucronate, tending to

obovate, enervate or with 1 to 2 main nerves scarcely visible, 4-8 mm.
long X 2-3 mm. broad. Spikes axillary, slender, 3.5-6 cm. long (the nude
peduncle ca. 1.5 cm. long); flowers bright- or lemon-yellow, fragrant, ses-

sile, tubular, puberulous; calyx 1.3-2.3 mm. long; corolla 5-toothed, angled,
4.5-6 mm. long, the petals connate for much of their length, pilose or
subglabrous inside at their tips; stamens 10-12 mm. long, yellow, the
anthers 0.8-1.5 mm. long; apical gland globose; ovary white-villous, the

to glabrous. Legume straight to falcate, indehiscent, puberu-
lous, almost 1

• compressed, 4-9 cm. long X 0.8-1 cm. broad, red-
i-brown, with delicate oblique striae forming a V, sessile, cuneate i
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base, obtuse and mucronate at tip, the placental margin convex (legume
recurved); exocarp thin, brittle, nearly membranous, subtended by a
layer of longitudinal close-set libers; mesocarp thin, brittle, tannic-red-

dish; endocarp tiny, membranous, segmented in one row, but opening
easily at maturity, the segments rectangular; seeds numerous, oblique, ob-

long, brown, 6-7 mm. long; fissural line broadly open at base.

Distribution. Mexico (Baja California); a narrow endemic, but lo-

cally abundant, as shown by the beautiful collections and remarks of

H. S. Gentry and Miss Annetta Carter; grows mainly on dry riverbeds.

Uses. Browsed by cattle and much used for fuel (Gentry).

Common names. Palo de hierro; palo fierro.

Material examined. Mexico: Baja California, Muleje, E. Palmer 2, June
1887 (gh, type; ny); bank of Arroyo de la Presa, Wiggins 15496 (gh, tex);

Medano a Venancio, Wiggins 5545 (gh, ny, uc); Arroyo Hondo, Sierra de la

Giganta, Gentry 4164, 4165 (gh, mo); Magdalena Plain, Sauce, Gentry 4189
(gh, uc); Sierra de la Giganta, Carter 4935, 4275 (mo, ny, tex), 4139 (lil.

uc), 4816, 5280 (mexu, uc); Baja Cahfornia, Nelson & Goldman 7259, 7310

(ny); near Comondu, Wiggins 5486 (ny, uc), Carter 2477 (uc); 9.6 km. NE of

Rosarito, Carter 2944 (mexu, uc); Concepcion Bay, 24 miles S of Muleje.

Wiggins 11420 (gh, uc); Juncal y Purisima, Brandegee s.n., 12 I 1890, 13 II

1889 (gh, uc); San Javier a Loreto, cerca de Comondu, Chambers 964 (vc);

5 miles N of Comondu, Hammerly 423 (gh).

Observations. This species has not been correctly interpreted up to

now. The original author considered it, erroneously, as a member of sect.

Algarobia. He failed to recognize that the petals are, at least often,

hairy inside their tips. Later, Britton and Rose (1928, p. 182) treated it as

a new genus {Sopropis). To increase the confusion, I regret to state that

in my former paper on Prosopis (1940, p. 62), misled by descriptions cit-

ing the petals as glabrous, I tentatively treated the species as approaching

P. ajricana in sect. Anonychium, with which it has no affinity at all (as

already shown by P. Guinet as a result of his pollen studies, Les Mimosa-

cees, Etud. Palynol. Fondament., These Univ. Toulouse, p. 53. 1969).

After a thorough comparison of the excellent material at the Berkeley,

Harvard, St. Louis, and New York herbaria, it is clear to me that P.

palmeri is a true Strombocarpa. While it is a very well-marked species

within this section (the only one without fruits which coil), it never-

theless lacks qualifications to form a special group or genus because of

its gamopetaly and sessile flowers, which also occur in several related

species. Furthermore, the supposed absence of hairs inside the petal

tips does not appear to be true, so there is no really sharp distinction

from the ordinary condition. The key to the species presented by C. M.

Rowell (in J. L. Schuster, Literature on the Mesquite (Prosopis L.) of

N. America, An annotated bibliography. Texas Tech. Univ. 5. 1969) must

therefore be emended.
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Large, densely and intricately branched, creeping shrub 0.5-L5 m. high;

spiny stipules cinereous, 0.5-3 cm. long, decurrent as costae on the inter-

nodes. Leaves glabrous, unijugate; petiole short, 3-5 mm., the pinnae 2.5-

3.5 cm. long; leaflets 7-12 pairs, elliptic-oblong, obtuse to subacute, gla-

brous or ciliolate, 4-7 mm. long X 1-2 mm. broad. Peduncles solitary,

axillary, 2-1 cm. long, flower-spike short-cylindric, to 3 cm. long X 1-5

cm. in diameter. Flowers sessile; calyx puberulous, 3 mm. long; corolla

4-5 mm. long, the petals acute, glabrous outside, villous at the inner apex;

stamens 5 mm. long, the anthers 1.5-1.8 mm. long; ovary white-villous,

the styles glabrous (protruding in bud). Legumes puberulous, sub-

moniliform in 1 to 3 spirals (placenta on the concave border), brown,

mostly many legumes of a spike intermingled, forming a globose mass;

endocarp segments and seeds longitudinal, the seeds 5.2 mm. long X

Distribution. Northern Chile, Prov. Tarapaca, Pampa del Tamarugal.
This species is known only from the type locality, but Professor Otto

Zoellner has written to me that he thinks he found more stands in the

Camarones Valley, Tarapaca, unfortunately lacking flowers and fruits.

Material examined. Chile: Tarapaca, EI Gobierno, La Guaica, C. Munoz
Pizarro 7370 (see, si).

Observations. The original description is contradictory concerning the

position of the endocarp segments. These are not transverse, but rather

longitudinal, as I have observed in the type material. Therefore, the

species must find its place in ser. Strombocarpae. By its morphology and
distribution, it may have originated from hybridization of Prosopis ta-

marugo X P. strombulijera, both of which occur in its area. The fer-

tility of the material discovered by Professor Mufioz indicates a stabilized

biotype.

Ser. Cavenicarpae (Burkart) Burkart

4: 76. 1940.

Shrub or tree 2-5 m. high (with age up to 7 m. high), with a short

trunk up to 1 m. in diameter; branches, leaves, and flowers of the gen-

eral Strombocarpa type; stipular spines minute on brachyblasts, on macro-
blasts 1.5-5 cm. long, straight, cinereous, divergent, fused at base and
decurrent on the branchlet. Leaves 1-jugate; petiole 1-3 mm. long, the

pinnae 1-4 cm. long; leaflets 9-18 pairs per pinna, linear-oblong, mu-
cronate, 3.5-8 mm. long X 1-1.5 mm. broad, glabrous or ciliolate. Spikes

pedunculate, 2-6 cm. long; calyx 1-2 mm. long, glabrous; corolla ga-



1976J BURKART. PROSOPIS 469

mopetalous, 5-6 mm. long, glabrous outside; ovary villous. Legume
straw-yellow when ripe, resembling P. jarcta because of its thickness,

cylindric, with prominent placental suture, straight or slightly falcate-

incurved, not laterally coiled, 2.5-7 cm. long X 1-1-8 cm. in diameter,
sessile, globose at base, obtuse and mucronate at apex; exocarp rigid,

smooth, 1 mm. thick; mesocarp spongy, tannic(?), bitter; endocarp seg-

ments transverse in 2 irregular rows; seeds compressed, ovate, 4.5-6 mm.
long.

Distribution. Limited to southern Bolivia and the extreme northwest
of Argentina in the Puna region of Jujuy and Salta provinces. Typical
tree of the semidesert vegetation rich in cacti, in the Quebrada de Huma-
huaca; often the only tree there, growing at rather high elevations (2400
to 3700 m.). A historical tree, known to be nearly 200 years old. at Til-

cara, Jujuy, measures ca. 7 m. tall, with a trunk 1 m. in diameter (T.

Common names. Quiscataco; churqui; churqui jujerio.

Material examined. Bolivia: Prov. Nor-Chichas. Dept. Potosi, Quechisla.

Cdrdejias 39 (gh). Argentina. Jujuy: Humahuaca, Puna, Hieronymns & Lor-

entz 786, III 1873 (phototype. Field Mus. 1461, gh, si; specimens, cord, goet,

NY); La Quiaca, Pflanz 933 (m); Humahuaca. Krapovickas 1521 (si); Camino
Iturbe a Humahuaca. Soriano 689 (si); Ruta 9, Uquia. Okada 2995 (si); Hu-
mahuaca, Cabrera & Kiesling 20255 (lp. si); Dept. Yavi, Yavi Chico, Bohi &
Werner 5 (lil, siV T. Meyer s.n. (lil 31466); Dept. Sta. Catalina, El Angosto,

Cabrera, Crisci & Kiesling 19881. at 3700 m. elev. (lp, si); Quebrada de Hu-
mahuaca, Rutksatz, 22 VHI 1971 (ripe fruits, si 26540); Tilcara, T. Meyer
22650 (lil, si). Salta: Dept. Poma, Campo de la Paciencia cerca de Cerrillos,

Cabrera 8306 (lp, si).

Uses. Fuel, shade; fruits for food. In spite of its systematic affinity

with Prosopis tamarugo (from Chile), P. ferox is probably not as valu-

able for desert reforestation purposes, since it is smaller, more spiny, and

probably of slower growth.

13. Prosopis tamarugo F. Fhilippi, \'erh. Deutsch. Wiss. Ver. San-

tiago, Chile 1: 159. 1886 (Index Kewensis Suppl. 9); Burkart,

Darwiniana 4: 80. fig. 4. tab. 7. 1940; Maldonado, Rev. Chilena

Hist. Nat. 22: 65-71. 1918; R. A. Philippi. Anal. Mus. Xac.

Chile, 21. 1891.

Tree when old up to 18 m. high, very similar to P. jerox\ stipules spiny,

smaller, 0.5-3.8 cm. long; leaves unijugate. similar to those of P. ferox,

pinnae 3-4 cm. long or less, with 10 to 15 pairs of leaflets, these linear,

obtuse or subacute. 4-8 mm. long, more distant. Spikes axillary, 3.5-

6.5 cm. long; flowers yellow, sessile, glabrous outside; calyx 1.5 mm.;

corolla 4-5 mm. long, the petals united, the tips villous within; ovary

villous. Legumes straw-yellow or clear brown, cylindric-subtorulose, tur-

gid, of the same structure as in P. ferox, but more strongly incurved.
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falcate to ring-shaped, smaller, 2-3.5 cm. in diameter and thinner, 7-10

mm. thick, the sutures impressed; seeds smaller, ovate, 3-4.3 mm. long,

Common name. Tamarugo.

Distribution. Chile, only in the northern, desert provinces, especial-

ly in Tarapaca, where, on arid mesetas. it is the only tree; the region

bears its name, "Pampa del Tamarugal." Its area of distribution covers

the central strip of Tarapaca, south of Arica and Antofagasta and north

of Chuquicamata, a surface of roughly 15,000 km.- The natural stands

are very scattered or devastated, however, since this is the only firewood

over long desert expanses.

Material examined. Chile: Tarapaca. Pampa de Tamarugal. cerca de La

Guaica, entre Pica y Pozo Almonte, Hans Nienieyer, X 1962, Herb. Looser

5794, Santiago (si) ; Tarapaca, La Choique cerca de La Tirana, C. Munoz
Pizarro, with flowers and fruits, 10 XII 1966 (sGO, si 26292); Iquique, Pozo

Almonte, Zoellner 3965 (si).

Uses and physiology. The tamarugo has been cultivated to some ex-

tent, but only in recent years has a real desert-forestation program been

started in northern Chile. The ''Corporacion de Fomento" (CORFO) is

planting large areas of desert with this valuable tree, especially for Merino

sheep and Karakulor Angora goat raising. Sheep or goats feed on the

falling leaves and legumes and occasionally browse the young shoots.

It is said that after some years, the planted tamarugo will support 16

sheep per hectare. This is a new development, of which several publica-

tions speak enthusiastically (e.g., S. Polanco N., ''Los ^Slilagros del Ta-

marugo," in Patria (2a. Epoca) 1(3): 23-26. 1967. Santiago de Chile).

I have seen photographs by Mario A. Habit C. (from CORFO, January,

1973) showing the transformation of the salt-desert into a dense forest

through plantings of tamarugo. Thousands of young seedlings, nursed in

seedbeds, are yearly put into the field. Near Iquique, in a nursery, at

least 100,000 seedlings were being raised for transplantation in 1970

(Prof. Otto Zoellner, in litt. to the author). Polanco writes that every

month 150 hectares of desert are planted with tamarugo. He states

that the capital put into this forestation is recovered in a period of 9 to

12 years with livestock farming. "It is a unique experience in the whole
world, which revolutionizes principles of the live-stock industry' (Polanco,

loc. cit., 26). Moreover, sanitary conditions for livestock raising in the

desert are excellent. Surely, the tamarugo should be tested in many arid

regions of the world.

A very important physiological behavior of this tree has recently been

discovered. In the Pampa del Tamarugal it does not rain, and formerly it

was thought that the trees could thrive only from subterranean humidity
or water currents coming from the western slopes of the Cordillera. How-
ever, the investigations of Sudzuki and coworkers have shown that Pro-

sopis tamarugo is capable of absorbing the atmospheric humidity, which
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is great in northern Chile (owing to the fogs, which are called "caman-

chacas"). The leaves of this tree absorb water through their stomata

when the relative humidity of the air is 95% or more. At night this

initiates a flow of sap into the roots and from these into the soil; during

the day, the flow reverses. Stomata open mainly at night and are closed

in the daytime. (See F. Sudzuki, Absorcion foliar de humedad atmosferica

en tamarugo, P. tamarugo Phil, in Bol. Tec. Estac. Agron. Fac. Agron.

Univ. Chile 30: 1-23. illustr. 1969; Sudzuki, Botti, & Acevedo, Rela-

ciones hidricas del tamarugo {Prosopis tamarugo Phil.) en la localidad

de Canchones. Ibid. 37: i-2i. 1973.)

The wood of tamarugo is used not only for fuel, but also for furniture,

although it is difficult to work on.

Cultivation and a "forest reserve for the tamarugo," considered most

important for the Chilean desert, were already demanded more than fifty

years ago in an interesting study by the inspector of forests, E. Maldonado

(Contr. Estud. Tamarugo, Rev. Chilena Hist. Nat. 22: 65-71. ph. 3, 4.

Santiago, 1918).

Sect. MoNiLiCARPA Ruiz Leal & Burkart

14. Prosopis argentina Burkart, Rev. Arg. Agron. 4: 39. illustr. 1937;

Burkart, Darwiniana 4: 91. jigs. 6, 7, tab. 13. 1940; Burkart, Las

Leguminosas Argentinas, silvestres y cultivadas. ed. 2. Pp. 130,

133. 1952.

Shrub 1.5-2 m. high, laxly branched; twigs cylindric, flexuous. glabrous,

reddish when dry, with rather long internodes, the peripheral ones arched

downward; axillary shoots elongate, no brachyblasts formed; spines uni-

nodal, axillary, and frequently apical, solitary, absent from many nodes,

0.2-3.5 cm. long. Leaves small, unijugate, puberulous; petiole 5-18 mm.

long; stipules very small, triangular, dry; pinnae 1-4.5 cm. long, with 5

to 27 pairs of leaflets, approximate to distant, linear, puberulous to scarce-

ly ciliolate or glabrous, obtuse, nearly enervate, 2.5-5.5 mm. long X 0.6-1

mm. broad. Spikelike racemes axillary, solitary, 4-7 cm. long (including

peduncle), with only 20 to 50 florets on pedicels to 1.6 mm. long, all very

pubescent; calyx 2 mm.; corolla 5 mm. long, with almost free petals,

pubescent outside like the calyx, the tips inside with a few hairs or nearly

glabrous; stamens 8 mm. long, the anthers 1.2 mm. long; pistil 1 cm.

long, the ovary white, strigose-pubescent, the style glabrous (some florets

functionally staminate because of short pistil). Fruit linear-moniliform,

bright red when ripe (a color lost in dried specimens), to 13 cm. long,

lax, glabrous, with 4 to 14 globose or ovoid segments and very thin, central

isthmi; segments 8-12 mm. long X 6-8 mm. in diameter; one suture 2-

nerved, the other 3-4-nerved, both broad; faces striate-corrugate; meso-

carp thin; endocarp bony, with convex faces and acute extremities; seeds

brown, compressed-ovate, 7 mm. long.

Common name. Algarobilla (and several others).



472 JOURNAL OF THE ARNOLD ARBORETUM |vol. 57

Distribution and ecology. Endemic in northwestern Argentina in

the Andean provinces of Catamarca. La Rioja, San Juan, and northern

Mendoza. A typical xerophyte and psammophyte capable of thriving in

conditions of extreme drought. Its preference for sand dunes is in marked
contrast to that of the common species of Prosopis sect. Algarobia, which
prefer heavier soils, sometimes salty clay, on lower mesetas, riverbanks,

etc. In Catamarca P. argentina has been found at elevations of 2000 m.

Selected specimens seen (not previously published). Argentina. Cata-
marca: Belen, Sayago 2846 (lil, si); Tinogasta, Arenales de Guanchin, Schreiter
6030 (LIL, SI), O'Donell & Meyer 5068 (lil, tex). La Rioja : Arauco, A. T.
Hunziker 4961 (lil, si, sp); Quebrada de la Troya, Covas 1236 (lp, ny);
Arauco, Parodi 14931 (baa, si); Quebrada de la Troya, /. H. Hunziker 2043
(mo). San Juan: El Balde a Adan Quiroga, Covas 515 and Ruiz Leal & Roig
18838 (si); Ullun, Rodrigo 2843 (si). Mendoza: Dept. Santa Rosa, Las Cati-
tas, Riiiz Leal 11814 (lil, si), 15905 (si).

15. Prosopis sericantha GiUies ex Hooker & Arnott in Hooker's Bot.
Misc. 3: 204. 1832 ("1833"); Burkart. Darwiniana 4: 84. jig.

Sa, tab. 8. 1940.

Aphyllous, horrid, spiny shrub, very similar to species number 16, P.
kuntzei, but clearly differentiated, smaller, 0.3-2.5 m., rarely to 3.5 m.
high; branchlets spiny, shorter and commonly more slender. 0.8-2.5 mm.
in diameter. Spikelike racemes shorter, 1.5-4 cm. long, densely pubescent;
flowers red, very pubescent on calyx and corolla; pedicels pubescent, to

1.6 mm. long. Fruit linear, more slender, 7-14 cm. long X 0.8-1.3 cm.
broad X 6-7 mm. thick; compressed, reddish, endocarp segments hard,
closed, subquadrate; mesocarp pasty, bitter.

Common names. Temoj; barba de tigre; algarobilla; huaschilla; re-
tama; espina de Dios; albardon.

Distribution. Argentina, widely distributed in the western Gran Chaco
and Monte regions. To its known area must be added some provinces,
such as Salta, Formosa, La Rioja, and San Luis to the south. One in-
complete specimen from Corrientes (between Sauce and Perugorria, in
bud, without fruits, Martinez Crovetto & Cherini, bab 6119) seems to
be this species, but is indicated as a tree and needs confirmation Small,
slender, sterile specimens have been collected in the eastern part of Salta
and may be a form of this species or a new related one.

Selected specimens seen. Argentina. Formosa: Ing. Juarez Burkart 20233.
20257 (si). Chaco: Las Breiias, Venturi 9757 (mo). Santiago del Estero:
entre Torres y Robles, Bartlett 19735 (oh, ny, si, uc); Miel de Palo FCE,
Krapovickas 823 (si); Beltran, B. S. Vuilleumier 1029 (gh, si); Gimenez Ven-
turi 9695, 10289 (mo). Salta: Guachipas, Alemania, 1300 m. elev., Venturi
9808 (gh, mo, us). Catamarca: Dept. La Paz, Brizuela 15576 (lil).' La Rio-
ja

:
Dept. S. Martin, Bajo Hondo a Pozo Piedra, Anderson 1534 (si); Punta de
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Figi;ke 4. Prosopis.

plants from San Luis.

Dr. Carlos Bruch.

lo.s Llanos, Ruta 38, B. S. Vuilleuinier 1015 (gh. si). San Liis: 30 km. U oi

Santa Rosa, Bafiado de Cantana, Jiurkart 13973 (si); Candelaria, B. 5. I uilleu-

mier 1014 (gh, sij. Mendoza: Dept. La Paz, Desaguadero, Paso de las Tropas.

Rtiiz Leal 9575 (si). Tucuman : Leales, Los Puestos, T. Meyer 12795 (mo);

Burruyaco. El Puestito. Xenturi 7651 (mo).

16. Prosopis kuntzei Harms in Kuntze. Rev. Gen. PL 3(2) :
71. 1898;

Burkart, Darwiniana 4: 85. h- 5b, tab. 9. 1940; '^ Hassler, Bull

Herb. Boissier. H. 7: 171. 1907.

/Vr>.vo/>/.v f«iWf?«/-.v Penzig. Malpighia 12ri2)

barbatigridis T. Hist.

Post 15:

Suhaphvllous, horrid. j,^labrous tree 4 10(-15) m. high; trunk 40-60

cm. in diameter, much branched, round-toi)i>ed, consistmg mamly of spine-

tipped, rigid, straight, cylindrical multinodal branchlets 8-50 cm long

X I 2-5 mm in diameter, glabrous, slightly striate, with small scales on

the alternate nodes. Leaves small and falling off very soon in spring

after the development of the young shoot, which becomes a spme; petiole
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5 mm.; pinnae unijugate, 1 cm. long; leaflets 3 to 5 pairs, 3-5 mm. long;

some leaves reduced to 5 mm. in length and with only 1 pair of leaflets.

Spikelike racemes solitary or fascicled, 3-7 cm. long (peduncle 0.5-1 cm.)

;

florets white or yellow, perfumed, glabrous outside; calyx 1 mm.; corolla

3 mm. long, villous within; ovary villous, the style pilose. Legume black,

thick, compressed-turgid, straight or subfalcate, mucronate, 10-17 cm.

long X 1.5-2.6 cm. broad X 0.6-1.5 cm. thick; pulp mealy-spongy, dry;

endocarp segments subquadrate, bony, closed, 1.2 X 1-2 X 0.6 cm.; seed

compressed, ovate, brown, with umbo, 7-10 mm. long X 5 6 mm. broad;

new shoots with leaves deciduous in July to November; flowering in

spring (October to December) ; ripe fruits from March to May.

Distribution. A typical Gran Chaco species of the mixed subxerophi-

lous woods of northern Paraguay and eastern Bolivia to central Argen-

tina (northern Cordoba, Santa Fe, and Corrientes).

Common names. Itin; palo mataco; lanza-lanza; jacaranda; caranda;

yacaranda; barba de tigre.

Material examined. Paraguay: Gran Chaco region, Loma Clavel, at 23° 20'

lat. S, T. Rojas, Herb. E. Hassler 2487 (g, mo, ny, si); Puerto Casado, Peder-

sen 4172 (si). Bolivia: Sta. Cruz, Sierra, at 2000 m. elev., 0. Kuntze, V 1892

(isotype, ny; phototype. Field Mus. 1465, ny, si); Dept. Santa Cruz, Mairana,

1400 m. elev.. Steinbach 8271 (gh, mo, ny). Argentina. Sa,ntiago del Estero:

El Charco, Ventiiri 9694 (gh, mo, si), Schreiter 5948 (lil, si); Brea Pozo a

Huayco Hondo, Bartlett 19751 (gh, si); Lavalle, Burkart 20360 (si); E of

Quimili, Route 94, Solbrig & Vtdlleumier 4276, 4279 (gh, si). Formosa:

Bartolome de las Casas, Solbrig 4244, 4250, 4268, Las Lomitas. Solbrig 4260,

west of Bazan, Solbrig 4262 (gh, si). Chaco: Colonia Benitez near Resistencia,

Martinez et at. (baa 9507, si); Villa Angela, Solbrig & Vuillenmier 4280, 4284

(gh, si). Cordoba: Dept. Totoral, Las Penas, Burkart 20100, Simbolar, Sayago

2248 (si).

Uses. Heartwood, hard and flexible, bluish-black, specific weight 1.20-

1.35; used by the Chaco Indians for bows and spears; at present used

for fence-posts because of its resistance to decay, and lumbered for various

local uses; said to yield a very valuable timber.

References. Record and Hess, Timbers of the New World, 317. 1943;

Tortorelli, Maderas y Bosques Argentinos, 403. 1956; Costantino, Arbol

Forest. Arg., 1956.

Prosopis ruscifolia Grisebach, Planta

Ges. Wiss. Gottingen 19: 82. 1874; Burkart, Darwiniana 4: 87.

tab. 10. 1940; Hieronymus, Icon, et Descript. PI. Arg. 6: tab. 2.
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dark gray, slender; spines uninodal, solitary, straight, strong, cylindrical,

subulate, not at all nodes, 1-33 cm. long, commonly 3-15 cm. long, above
their bases 0.6-1.4 cm. in diameter, thicker than the subtending twig.

Leaves unijugate, lax; petiole 1-7.5 cm. long; rachis of pinnae 4-11 cm.
long; leaflets 2 to 5 pairs, opposite, large, lance-ovate, more or less acute,

coriaceous, palmate-pinnatinerved, (2-)4-10 cm. long X 0.7-2. 5(-3.8)
cm. broad, smooth, not reddish when dry. Racemes 8-15 cm. long (pedun-
cle 1.5 cm. or less), spikelike; rachis and pedicels (1-2.2 mm. long)

pubescent or glabrous; florets greenish-yellow, small; calyx 1-1.5 mm.,
pubescent; petals 3-4 mm. long, glabrous, villous within; stamens 5-7
mm. long; ovary villous. Legume slender, compressed, submoniliform.
stipitate and acuminate, subfalcate, straight or S-shaped. 13-29 cm. long

X 0.9-1.1 cm. wide, many-seeded; margins undulate, straw-colored, violet-

COMW
Pao (

Distribution. Gran Chaco region, from eastern Bolivia and Paraguay

to north-central Argentina (Formosa. Chaco, and Santiago del Estero)

;

a limited area in northeastern Brazil on the boundaries of Piauhy and

Pernambuco states in the Catinga (Cachoeira do Roberto, first cited by
H. Harms, Notizbl. Bot. Gart. Mus. Berlin-Dahlem 8: 712. 1924, then

by A. Ducke, Legum. Pernamb. e Paraiba, Mem. Inst. Osvaldo Cruz 51:

429. 1953).

In Argentina, in the wester

pastures, it is considered a :

cussion below).

Selected specimens seen. Brazil: Piauhy, Cachoeira do Roberto, Lnetzel-

burg 49, 1418 (b, ny, us); Pernambuco, Petrolina. Cachoeira do Roberto, 3 km.

abaixo da paragem do acude, entre Lago e Sombrio, Lima & Magalhaes 52-

1060 (r 76276). Bolivia: Dept.?, Velasco. Seeufer San Pablo, O. Kuntze, VII

1892 (ny). Paraguay: Dept. Olimpo, Pto. Diana cerca de Bahia Negra. Areiias

324 (si); Concepcion, Hassler 7153 (g, gh, mo. ny, uc, us); Curso sup. Rio

Apa, reg. calcarea, Hassler 11504 (gh) ; Pilcomayo River. Morong 1098 (gh,

MO, NY, us); Puerto Casado, Pedersen 4063 (si); Bahia Negra. Chaco paraguayo,

Rojas 13720 (si), 13721 (mo, si), 13722 (si). Argentina. Formosa: La Fideli-

dad, Joergensen 2718 (us); Forti'n Pilcomayo. Krapovickas 1207 (gh); Barto-

lome de las Casas, Solbrig 4236, 4237, 4239, 4249. 4266 (gh, sij; Dept. Pa-

tiiio, Palacios 307, 313, 321, 326, 332. 335. 478 (bafc. si I; Las Lomitas. Solbrig

4259 (gh, si); Formosa, without further locality. Maradona 7 (si). Chaco:

Barranqueras, Currati 79 (mo, ny. us); Dept. Giiemes, Ruta 95. Palacios 489,

498 (si); Dept, 1° de Mayo, Campo Antequera, Martinez et al. (baa 9564. si).

Salta: Dept. Anta, Palermo. Ragonese 76 (si). Tucuman; Burruyacu. El

Puestito, Ve7ittiri 7640 (us); Capital, Venturi 3819 (us); Leales, Chaiiar Pozo,

Venturi 5353 (mo, uc, us); Capital, Lillo 11854 (gh). Santiago del Estero:

Gimenez, El Charco, Venturi 9697, Pellegrijii & Venturi 5830 (gh, mo, uc, us);

Los Telares a Ramirez de Velasco, Bartlett 19771 (ny); Capital. Parque Agmrre,

Lopez 3 (si); Arroyo Saladillo, Sayago 1775, 1778 (si); Ruta 9, Km. 1012,
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borde de salina. Burkan

mier 1037 (gh, si). Cc

Sayago 2203 (si).

Economic importance. When full-grown, this tree yields good timber,

of the same quality as Prosopis alba or P. nigra; it is good for flooring, bar-

rels, etc. (L. Tortorelli, Maderas y Bosques Argentinos, 415. 1956). Un-

fortunately, it grows in regions that are far away from markets and dif-

ficult to settle, where primitive cattle-raising is practiced. Owing to the

great occupying capacity of P. ruscifolia, it is considered a serious pest in

the western Gran Chaco region because it colonizes rapidly, forming in

its young state dense, spiny, impenetrable thickets where no grass thrives

and the livestock industry has to be abandoned. The leaves contain sub-

stances capable of reducing or suppressing the germination capacity of

other seeds (Sou to & Eilberg, Rev. Investigac. Agropecuar. INTA, ser. 2.

9(1): 19-27. 1972. Buenos Aires). The vinal. as noted, has been de-

clared a "plaga nacional." Its behavior reminds one of the "mesquite"

problem in Texas. All kinds of livestock and herbivores eat the legumes

and propagate the hard seeds of this species endozoically. The seeds ger-

minate much better after passing through the digestive tract, and they

are also widely dispersed by the animals. Ranchers believe that a ''tropa"

of cattle that has been browsing in a vinal-infested area must be in quaran-

tine for 48 hours before being put into a "clean" pasture, so that it will

not introduce seeds into the new paddocks. Many experiments have been

carried on with herbicides in an attempt to kill the vinal, but they have

had only limited success in areas outside the principal infestation regions

of the species. Biological control, as far as the writer knows, has not

been tried, although it may be the most promising way; however, few, if

any, parasites are known on Prosopis ruscijolia. I once found heavy in-

festation of a scale insect or coccid (probably Lepidosaphes sp., fam. Dias-

pididae) on my herbarium specimen no. 20115, collected in 1957 in the

province of Santiago del Estero. No field notes on the effect of the para-

site on the host were taken, but this scale insect unfortunately seems to

belong to a group which attacks important cultivated trees.

24. 1915; Bur-

Tree, apparently unarmed but sometimes with small, solitary or geminate
spines 0.2-1 cm. long, otherwise very similar to P. ruscijolia, 4-15 m.
high; branches flexuous, reddish when dry, the brachyblasts knotty; leaves

large, unijugate, glabrous; petiole 0.5-5 cm. long; pinnae (rachis) 6-17

cm. long, with 2 to 9 pairs of opposite leaflets, these coriaceous, pinnati-

nerved, oval-lanceolate, often undulate or irregularly deformed, 2.5-6.5

cm. long X 0.6-3 cm. broad, emarginate, reddish when dry, obtuse to

subacute. Racemes slender, 4-11 cm. long, glabrous, short-peduncled

;

pedicels 0.2-0.5 mm. long; flowers numerous, small; calyx 1 mm.; corolla

3 mm.; stamens yellowish, 4.5-5 mm. long; ovary white-villous, petals
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nearly free, linear, greenish, glabrous but villous within at apex. Legumes
subfalcate or straight, long and slender, stipitate and acuminate, similar

to those of P. alba var. panta, 14-29 cm. long X 1.1-1.8 cm. broad, flat-

compressed, straw-yellow when ripe; margins nearly straight, parallel;

articles up to 2i to i2, subquadrate, compressed, sometimes broader than

long, umbonate before ripening; pulp probably edible.

Distribution. Paraguay (humid Chaco region); Argentina (Formosa).

Material examined. Paraguay. Chaco: Puerto Guarani, barranca riacho,

Rojas 13611 (si); Puerto Casado, Rojas XII 1916 (lil 54639, gh), Rojas

2146 (gh), Pedersen 4064 (si), Rojas 8229 (si). Argentina. Formosa: Dept.

Patino, EI Cogoik, Palacios 484 (bafc, si); Dept. Patiiio, Ibarreta, Maruiiak,

Quarin & Schmini 441 (ctes, si); Pilcomayo, Morel 5006, 6560 (lil).

Observations. While the closely related Prosopis ruscifolia Grisebach,

of more western distribution, is known ecologically as a terrible invader

of savanna lands in the Gran Chaco, P. fiebrigii has not been detected

Tree to 3-10 m. high; trunk 10 to 50 cm. in diameter; branchlets flex-

uous, in time knotty; foliage glabrous; spines axillary, robust, alternately

solitary or geminate, 0.5-12 cm. long, similar to those of P. ruscijolia but

smaller. Leaves unijugate, large, glabrous, variable as to number of leaf-

lets, these lanceolate or oblong-linear, intermediate in size between P. rusci-

jolia and P. alba, in 4 to 12 pairs per pinna, more or less distant on the

rachis, coriaceous, penninerved, 10-30 mm. long X 2-12 mm. broad.

Racemes spiciform, 6-8 cm. long, like those of P. ruscijolia, as are the

small flowers; pedicels 0.6-1.5 mm. long. Legume slender, subfalcate, sub-

torulose, multiarticulate, 6-24 cm. long X 6-12 mm. broad X ^-^ mm.

thick, exocarp sprinkled with violet; endocarp segments hard, compressed,

subquadrate. with oblique transverse septae; mesocarp pulpy, sweet.

Probable natural hybrid population originated by crosses of Prosopis

ruscijolia X P. alba var. panta, as the founder of its name, Don Teodoro

Stuckert, rightly supposed. The leaves show evident P. ruscijolia affini-

ties, but they have many more and somewhat smaller leaflets; the spines

are also intermediate in size and arrangement between those of the puta-

tive parents; curiously, on the same twig alternately solitary and paired

spines occur, a fact I have also observed on some North American Algaro-

biae, as stated in the key to the species. The legumes are closer to the

P. nigra type, but longer.

Common names. Vinalillo; algarrobo santiaguerio; quilin.

Distribution. Argentina, Gran Chaco region (Santiago del Estero, Tu-

cuman, Salta, Chaco, Formosa, and northern Santa Fe)
;

Paraguay
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Selected specimens seen. Argentina. Salta: Yuto, Carmelich, Devoto &
Rial Alberti, Herb. Forestal 1003 (si). Santiago del Estero: Rio Duke, Lo-
pez 4 (si); Arroyo Saladillo. Sayago 1770 (si); Quebrachos, Sayago 2898 (si);

Dept. Pellegrini, Ventiiri 5827, 5828 (si) ; Sierra de Guasayan,' Choya, Sayago
2647 (si) ; along Route 9, N of Rio Saladillo, B. S. Vuillemnier 1036 (gh, si)

;

Dept. Copo, Matoque, T. E. Luna 348 (lil. tex)
; Algarrobal Viejo, Dept. Pelle-

grini, F. Luna 362 (mo). Cordoba: Rio Seco, Candelaria & Sayago 158 (si).

Chaco: Guemes, Ruta 95, Palacios 483, 493, 497, 500 (si); La Brenas, Venturi
9758 (gh, mo); Resistencia, T. Meyer 16274 (us). Formosa: Estanislao del

Campo, Maradona 45 (si); Dept. Patino, La Primavera, Palacios 324, 479 (si);

Ing. Juarez, Bordon 59 (si).

1940.

Tree 6-10 m. high, glabrous, unarmed or with a few small, axillary,

solitary, or geminate spines; branchlets soon reddish-gray, flexuous,
knotty; leaves similar to those of P. vinalillo, unijugate, occasionally some
leaves bijugate; petiole 1.2-4 cm. long; pinnae 5-19 cm. long; leaflets

6 to 26 pairs per pinna, opposite, ovate-oblong to oblong, obtuse or sub-
acute, subcoriaceous, penninerved, glaucous-reddish when dried, 0.8-4 cm.
long X 1.8-7 (-16) mm. broad, distant on the rachis more or slightly
less than their own width. Spikelike racemes like those in the species
group, 6-12 cm. long (peduncle 1 cm.); pedicels 0.5-0.8 mm. long, gla-

brous or pubescent, as is the rachis; petals (within) and ovary white-
villous. Legume of the P. alba or P. alba var. panta type, subfalcate
to nearly straight, straw-yellow, compressed, sutures parallel or slightly
undulate, stipitate and acuminate, 14-24 cm. long X 1.2-1.5 cm. broad,
flat, with 24-33 segments, these subquadrate or rectangular, broader than
long; mesocarp pulpy, sweet, edible.

DiSTKiBUTiON. Paraguay, Argentina, eastern Chaco region, forming
open woods of the savanna type.

Common names. Algarrobo paraguayo; algarrobo.

Specimens examined. Paraguay. Chaco: Sector Lopez de Felippis, Rojas
8477 (si); Sector Puerto Casado, Km. 160, Rojas 8450, Asuncion, Santisima
Trinidad, Pavetti & Rojas 10807, L'Assomption, Balansa 1445, fruct., 20 XII
1875 (si); Pilcomayo, inferior, Rojas 329, VII 1906 (isotype, p. gh; phototype,
Field Mus. 1463, ser. Berlin Mus. 1264); Asuncion, Rojas 14000a (lil). Argen-
tina. Formosa: Dept. Patiiio, various localities, Palacios et al. 311, 320, 322, 325,
462 467, 468, 480 (bafc, si); Pozo de Tigre. J. Acuna, Herb. Forestal 1884
(si); Dept. Pilcomayo, Km. 101, Ruta 11, Morel 4307 (lil); Estancia Riacho
Negro, Morel 4045, 4504, Clorinda, Rojas 12307 (lil). Chaco- Fontana near
Resistencia, T. Meyer 1086 (si).
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Observations. This species seems to hybridize in the Patino area, For-
mosa, according to field observations made by Ramon A. Palacios and as-

sociates in 1972. His collection no. 485 seems to be Prosopis hassleri X
P. fiebrigii; and his collection nos. 466 and 481, P. alba X hassleri.

Prosopis hassleri Harms var. nigroides Burkart, var. nov.

A var. hassleri differt imprimis fructu minori, compresso-moniliformi
violaceo-tincto articulis ovato-quadratis subobliquis. Inermis videtur, fo-

liis var. hassleri similibus, foliolis circa 8-20 mm. longis X 2-4 mm. latis,

According to the collector, the heartwood is yellowish-brown; the com-
mon name "algarrobo amarillo" is unfortunately the same one as for

Prosopis nigra var. ragonesei Burkart (see below), a species with different

leaves and very small leaflets.

This new variety differs from var. hassleri by the legume, which re-

sembles Prosopis nigra rather than P. alba; the leaves in this variety

are the same as in var. hassleri.

Ser. Denudantes Burkart

1940.

Spiny shrub 1-2 m. high, glabrous; branchlets flexuous, arched, rather

short, hard, grayish with age, knotty; spines always axillary, solitary,

hard, light brown, 0.5-4 cm. long. Leaves deciduous, small, glabrous,

unijugate; petiole 2-15 mm. long; rachis of the pinnae 6-18 mm. long;

leaflets linear, obtuse, 4-13 mm. long, in 1 to 3 (to 4) pairs per pinna, the

lowest alternate. Racemes axillary or fascicled on brachyblasts. short-

peduncled, 2.5-7 cm. long; rachis and pedicels (0.2 mm. long) glabrous;

flowers glabrous outside; calyx 1.5 mm. long; petals 3 mm. long, villous

within; stamens 5-7 mm. long; ovary villous. Fruit dark reddish-black,

shiny when ripe, glabrous or puberulous, very short-stipitate. thick, sub-

compressed, 2-7 cm. long X 0.7-1.4 mm. broad, typically falcate to an-

nular, with 1 to IV. open turns and with central hole.

Argentina, endemic m
the semidesert shrub steppe

en, Rio Negro, Chubut,
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Common names. Algarrobo patagonico; algarrobo de chancho.

Selected specimens seen. Argentina. Prov. Neuquen: Zapala, R. Castro,

A. Krapovickas 3671 (bab, si); Rio Picun-Leufii, Ruiz Leal 16047 (si); Plaza

Huincul, Cabrera 11003 (lp, si); Zapala, Correa, Crespo, & Piccinini 4743 (bab,

si), Sayago 3318, 3320, 3326 (cord, si); Zapala a Junin de los Andes, Descole

2224, R. Salado a Pichi, Castellanos 20598 (lil). Rio Negro: El Rincon,

Meseta de Somuncura, Ruiz Leal 25568 (si); Dept. Valcheta, Paileman, Sierra

Colorada, Ruiz Leal 25635 (si); Los Menaccos a Gral. Roca, Ruiz Leal 25996

(si). Chubut: Dept. F. Ameghino, Uzcudun, leg.? 2078, Dept. Escalante, Pampa

del Castillo, Crespo & Troncoso 1631 (bab, si); Pico Salamanca, E. De Marco

de Kreibohm 236 (si); Conaodoro Rivadavia, Ruiz Leal 14789, Burkart 27576,

Dept. Sarmiento, Laguna Palacios, Ruiz Leal 25699, Sarmiento, leg.? 2138 (si);

Dept. Escalante, 100 km. N of Com. Rivadavia, Eyerdam, Beetle, & Grondom,
Univ. Calif. Exp. Patag. II 23783 (gh, mo, uc). Santa Cruz: Dept. Deseado,

Bosque Petrificado, Crespo & Troncoso 1754, 1755, limite con Chubut, Ruiz

Leal 24140, Caleta Olivia, Crespo & Troncoso 1672 (si).

Uses. Wood for fuel; fruit eaten by stock.

Observations. New long shoots in spring (November) are very flexu-

ous and develop the long axillary spines at once, but they produce very

few reduced leaves or none at all. Well-developed leaves appear the fol-

lowing year on the knotlike brachyblasts in the axils of the spines in

fascicles of 2 to 8.

Prosopis denudans Bentham var. patagonica (Spegazzini) Burkart,

This variety differs from the typical one in the fruits, which are nearly

straight, not curved. The difference in number of leaflets given by the

original author does not hold true. The fruits measure (2-)4-10.5 cm.

long X 0.9-L3 cm. broad X 0.8-1 cm. thick.

Common names. Algarrobillo ; espinillo.

Material seen. Argentina. Mendoza: Dept. Malalhue, entre Rio Barrancas

y Ranquil Norte, Ruiz Leal 16070 (si); Rio Barrancas, Burkart 13823 (si).

Neuquen: Loncopue, Churriaca, Rtdz Leal 18018; Zapala, 40 km. to the south,

Sayago 3321 (si); Zapala, O'Donell 1997 (ny). Rio Negro: Valcheta. /. L. Al-

fonso, Herb. Forestal 2287 (si); 9 de Julio, Ministro Ramos Mejia, Pedersen

1664 (us) ; camino a Somuncura, Ruiz Leal 25968 (si) ; entre Sierra Colorada y
Los Menucos, Ruiz Leal 26003 (si) ; Meseta de Somuncura, Roig (Herb. Ruiz

Leal 26071: si). Patagonia: Santa Cruz, loc.?, at 50° 3' S latitude, Moreno
& Tonini 453 (ny).

Observations. As I supposed already in 1940, Prosopis patagonica
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P. denudans Bentham var. stenocarpa Burkart, Darwlniana 9: 75.

fig. 4. 1949.

Spiny shrub similar to the preceding varieties, differing from them in

the slender, thin legume, falcate to annular as in var. denudans but only
0.5 cm. in diameter, contracted between the seeds and with more elongated
oblong segments, the mesocarp very thin, the seeds 4.5-7 mm. long.

Material seen. Argentina. Chubut: Dept. Rawson, south of Trelew, Kra-

Deseado, entre Fitz Roy
}

uiz Leal 2561

22. Prosopis ruizleali Burkart, Darwiniana 4: 328. fig. s.n. 1942.

Spiny shrub 0.6-3 m. high, deciduous, with solitary, axillary spines

and gemmiparous horizontal roots (Burkart, loc. cit. 331), very similar to

P. denudans Bentham, but differing in its larger leaves; petioles 0.5-2.5

cm. long; pinnae (1 pair per leaf) 2.5-6 cm. long; leaflets 3 to 9 pairs per

pinna, linear, larger, 6-12 mm. long X 1-2 mm. broad, glabrous, distant,

the lower ones alternate and the inner lowest often abortive; racemes to

8 cm. long; fruit similar, larger, nearly straight to falcate, 5-17 cm. long

X 1-1-5 cm. broad, thick, somewhat compressed; endocarp articles sub-

quadrate to obliquely ovoid; seeds ovoid, 7 mm. long.

Distribution. Argentina, Prov. Mendoza, Andes foothills; arid, south-

ern region, where the area connects with that of P. denudans Bentham.

Selected specimens examined. Argentina. Mendoza: Dept. Lujan, Es-

tancia El Salto, Ruiz Leal 21682 (si); Dept. San Rafael, Volcan Diamante,

Ruiz Leal 17007, La Faja, 70 km. al N de El Sosneado, Burkart. Troncoso, &
Nicora 13822, Bardas Blancas, Burkart, Troncoso, & Nicora 14148, Malargue,

Burkart 14802. Calmuco a Ranquil, Rtdz Leal 21439 (si); Calmuco cerca de

Ruta 40. /. H. Hunziker 6376 (bab, si) ; Atuel Valley near El Sosneado, Bocher,

Hjerting, & RaJin 1391 (c, si). Neuquen : Dept. Pehuenches. Barrancas a

Buta Ranquil, Ruiz Leal 21463, Ruta 40, Ruiz Leal 24402. Chichico Sur. Ruiz

Leal 24506 (si); Pehuenches, Rio Barrancas. Ruta 40. Ancibor. Cam. & Crespo

Closely related to Prosopis denudans and perhaps not

more than a more robust, northern subs[)ecies of it. There is some inter-

gradation in the leaf characters.

23. Prosopis castellanosii Burkart. Darwiniana 5: 66. fig. 4. 1941;

Burkart, Las Leguminosas Argentinas. silvestres y cultivadas. ed.

2. 130. 1952.

Spiny shrub of horrid, globose appearance, 0.6-1.5 m. high, apparent-

ly with a taproot of 15-20 cm. diameter at top; branching basal, with

thick woody branches below or on soil surface, procumbent; aerial shoots
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hard, flexuous, greenish-glaucous and striate when young, puberulous or

glabrescent; internodes short; spines solitary, up to 4.5 cm. long, strong,

straw-colored. Leaves small, unijugate, pubescent; petiole to 3 mm. long;

pinnae 2-20 mm. long; leaflets small, ovate, subglabrous or puberulous,

imbricate or subdistant, 3-1 2 -jugate, 1.6-3.8 mm. long, alternate to op-

posite. Spikes axillary, short; peduncle and rachis villous or pubescent,

5-16 mm. long; flower head ovate; calyx 1.5-2 mm.; corolla 2.5-3.5 mm.
long. Legume oblong-elongate, very flat, lomentoid, reddish-brown, 3.5-

8 cm. long X 1-5-2 cm. broad X 0.4 cm. thick, subfalcate, nearly dry;

thin, the articles subquadrate or broader than long.

Distribution. Argentina, endemic i

Neuquen. An extreme xerophyte groA

600-1300 m.

Specimens examined. Argentina. Mendoza: Payun-Matru, A. Castellanos, I

1941 (BA 36732; gh, si, type); Payun-Matru, Los Ranquiles, Castellanos 14253,

fruct., 30 I 1941 (lil). Neuquen: Dept.?, Rincon del Aguila, Ruiz Leal 24414,

entre Chihuio del Sur y Chihuio del medio, Rtiiz Leal 24510 (si) ; Meseta de los

Chihuidas, fr. al Cerro Rayoso, A. Castellanos, I 1954 (si); Dept. Picun Leufu,

Ruiz Leal 26850 (si); Dept.?, Sierra de la Vaca Muerta, camino a Bajada del

Agrio, Castellanos 20587 (lil).

ipis calingastana Burkart, Bol. Soc. Arg.

1957

Horrid, spiny, low shrub less than 1 m. high, creeping; branchlets very

flexuous; internodes short, longitudinally striate, green, becoming cinna-

mon-brown; spines solitary, strong, 0.4-3 cm. long; leaves small, pubes-

cent, apparently deciduous, unijugate, in axillary fascicles; petioles 0.3-

1.7 cm. long; pinnae 0.6-3 cm. long, 4-7 -jugate, ovate-elliptic, pubescent,

nearly enervate, 3-8 mm. long X 2-i mm. broad. Racemes 1.5-6 cm. long,

axillary; peduncle and rachis pubescent; florets (not yet described) as

usual; calyx pubescent, 1-1.5 mm. long; petals nearly free, 3 mm. long,

glabrous outside, villous within at the tip; stamens 6 mm. long, the

anthers oblong, 0.7 mm. long; apical gland small; ovary stipitate, vil-

lous, the style filiform, glabrous. Legume falcate, linear-compressed, 5.5-

10 cm. long X 6-9 mm. broad, velutino-pubescent; margins thickened,

nearly parallel; faces convex on the longitudinal endocarp segments, these

ovate, thin; seeds longitudinal-oblique, mostly 6 to 9, ovate, 8-9 mm.
long.

Distribution. Argentina, endemic in the Andean regions of San Juan
Province at elevations of approximately 2500 m. in arid quebradas of

Dept. Calingasta.
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Material examined. Argentina. SAxN Juan : Calingasta, Moreau & Perrone,
II 1950 (ba 55032; si, type); Calingasta, Cerro Castano, Quebrada Amarilla,
Fabris & Marchionni 2278 (ctes, lp, si)

;
Quebrada del Rio Calingasta, Cabrera,

Zardini, & Deginani 24342, flowering, IS I 1974 (lp, si).

Observations. Like Prosopis castellanosii, but spikes a little longer and
the legume very different, more slender, thick margined, with oblong,

longitudinal endocarp segments.

25. Prosopis humilis Gillies ex Hooker & Arnott in Hooker, Bot. Misc.

3: 204. 1832 (-1833"); Burkart, Darwiniana 4: 98. fig. U. tab.

15. 1940; Monticelli, Lilloa 3: 347. lam. xv, fig. A. 1938.

Subaphyllous, spiny, erect to prostrate subshrub 20-40 cm. high, of

peculiar habit, with thick, short, woody rootstocks and more slender, run-

ning rhizomes; aerial shoots rather tender, hardening when mature; stems ^

and spines striate with longitudinal, prominent nerves; spines axillary,

geminate, a pair at every node, erect-spreading, 0.5-5 cm. long. Leaves

small, reduced and deciduous, less than 1 cm. long, bipinnate, unijugate,

with 1 to 3 pairs of glabrous, elliptic, small leaflets or once-pinnate,

with only 1 to 2 pairs of leaflets. Spikelike racemes axillary, replacing

one of the spines, 3-6 cm. long, showy because of the numerous red flor-

ets; petals 5-6 mm. long, glabrous outside. Legume linear, slightly

curved, 4-10.5 cm. long X 1 cm. broad, compressed, reddish, with up to

16 subquadrate endocarp segments.

Distribution. Central Argentina, endemic in the pampas or open semi-

xerophytic woodlands (in the provinces of Cordoba, San Luis, La Pampa,

and SW Buenos Aires) ; sometimes in rocky or sandy soils. Ornamental,

worthy of cultivation as an oddity.

Material examined. Argentina. Cordoba: Capital, Lanfranchi 951. A. T.

Hunziker 8118 (si); Dept. Tulumba, S. Pedro, Sayago 1891 (si); Villa Maria

a Tic Pujio, Hunziker 11421, Rio Tercero, Burkart 13350 (sij; Cafiada del Go-

bernador, a 20 leguas de Cordoba, hern 8622 (ma, si;; Pampa de Olain. Ra-

gonese & Piccinini 9528 (bab, si); Dept. General Roca, Huinca Renanco, A. T.

Hunziker 9382 (si); Dept. Punilla, La Cumbre, Goodspeed, Univ. Calif. Andes

Exped. II 23242 (gh); Cordoba, without further locality, Lossen 88 Cgh).

San Luis: Las Barranquitas a 1000 m. alt.. A. I. Pastore. Herb. Burkart 6624

(si). La Pampa; Dept. Conelo, E. Castex. M. Sayago 3198, Dept. Loventue,

Estancia San Jorge, Cano 4508 (si); Dept. Caleu-Caleu, Anzoategui, Ruiz

Leal 25498 (si); Realico, Sckulz 5863 (gh); Dept. Capital, Santa Rosa, Krapo-

vickas 3585 (si). Buenos Aires: Bahia Blanca. Soriano 525 (si); Dept. Vil-

larino, 60 km. W of Rio Colorado, Eyerdam, Beetle, & Grondom, Univ. Calif.

Andes Exped. II 23448 (gh, mo, si).
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26. Prosopis rojasiana Rurkart, Darwiniana 5: 70. fit^. 5. 1941; Bur-

kart, Las Leguminosas Argentinas, silvestres y cuUivadas. ed. 2.

LSI. 1952.

Prosopis striata sensu C. Fiebrig & T. Rojas, Ensayo titogeografico Chaco

Horeal. Rev. Jard. Bot. Paraguay 7,: 83. 85. 19.33. Asuncion, non P. striata

Bentham.

Tall, spiny, microphyllous. subaphyllous shrub or tree 2-6 m. high:

branchlets slender, striate, glabrous, green; axillary spines in pairs, nu-

merous, long and slender, 1-11.5 cm. long, .scarcely striate. Leaves uni-

jugate, deciduous; petiole 0.5-2 cm. long, apically exi)anded. more per-

sistent than the pinnae, these 1-2.5 cm. long; rachis glabrous, leaflets 8

to 17 pairs, approximate, ciliolate, oblong-elliptic, 1.5-4 mm. long X
0.5-1.2 mm. broad. Spikes slender, 1-5.5 cm. long; peduncle and rachis

puberulous; flowers yellow; calyx 1 mm.; petals 2-2.6 mm.; stamens

lilac, 4-5 cm. long; ovary stipitatc, villous. Legume (not yet described)

4-5 mm. long. 7-8 mm. broad, linear, straight, compressed, reddish,

fleshy.

Paraguay, northeri clay ;

Material examined. Paraguay: DL-i)t. Boquer(')n, Puerto Casado. Pedersen

4171 (c, GH, NY, SI, uc, us); Chaco paraguayo. Sector Lopez dc Filippis, Rojas

8310 (sr, holotype); Sector Pilcomayo, Margarines, Rojas 8314 (gh, paratype;



BURKART, PROSOPIS

Small tree 5-6 m. high; bark grayish, longitudinally split, permanent;
crown flat, the trunk to 25 cm. in diameter; foliage abundant, reminiscent

of Acacia caven or Acacia jarnesiana; branchlets moderately flexuous,

reddish-brown, knotty; spines axillary, geminate, uninodal, small, 1 cm.
long or less, rare, only on new long shoots. Leaves medium-sized, 3-8-

jugate, puberulous; petiole 0.3-1.5 cm.; rachis to 3.5 cm. long, crested,

with a small annular gland at the junction of every pair of pinnae, these

1-2.5 cm. long; leaflets approximate to imbricate, small, linear, 1.5-3.5

mm. long X 0.4-1 mm. broad, ciliolate, 1-nerved, 11 to 24 pairs per

pinna. Racemes spicifonn, axillary, much longer than the leaves; rachis

with the short, bracteate peduncle, puberulent, 6-16 cm. long; pedicels

0.5-0.8 mm. or less; florets red; calyx 1.5-2 mm. long, puberulous; petals

4-4.5 mm. long, nearly free, pubescent outside, villous within, especially

at the tip; stamens and style red, 8-9 mm. long; ovary stipitate, villous.

Legume linear, compressed, straight or subfalcate, subtorulose, 9-14 cm.

long, 1-1.7 cm. broad, 0.7-0.8 cm. thick, straw-yellow, fleshy; endocarp

segments rectangular, hard, in one row as in all Algarobiae; seeds trans-

CoMMON NAME. Espinillo.

New material examined. Brazil: Mato Grosso, arroyo Rapadura, en grandes

grupos, Praderi 346, flowering, 25 VII 1958 (lil). Paraguay: Alto Paraguay,

Puerto Risso, Dept. Concepcion, Schulz 8841, T. Meyer 18694 (si); N Paraguay,

Centurion, zwischen Apa und Aquidaban, 9 I 1909, Fiebrig 5348 (isotypes,

GH, hbg); Paraguay, without further locality, Fiebrig 10940 (baf).

Observations. In its habit, in its small leaves shorter than the racemes,

and in its fruit characters, this well-marked species is close to P. affinis

Grisebach. Its salient peculiarities are the multijugate, Acacia-like leaves

and the red flowers.

28. Prosopis campestris Grisebach. Plantae Lorentzianae in Abh. Kon.

Ges. Wiss. Gottingen 19: 84. 1874; Burkart, Darwiniana 4: 111.

fig. 12, tab. 17. 1940.

Dwarf, much-branched spiny shrub 10-50 cm. high; taproot and short

underground branches woody, the aerial branches with short nodes, flex-

uous, procumbent-ascending, hard; spines uninodal, axillary, paired, di-

vergent, to 4.5 cm. long. Leaves small, 1-2-jugate; petiole plus rachis 3-

13 mm. long; pinnae 0.5-3 cm. long; leaflets 6 to 17 pairs per pinna,

imbricate, small, oblong, pubescent, 1.5-6 mm. long X 0.6-1.2 mm.
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broad. Spikelike racemes cylindric-ovoid, short, 2-3 cm. long, including

the peduncle; florets small; calyx and corolla pubescent outside. Le-

gume linear, nearly straight, compressed, subtorulose, 5-8 cm. long X
0.8-1 cm. broad, with 6 to 11 endocarp segments with oblique divisions,

8X6X3 mm. long, broad, and thick; fruit pubescent when immature.

Distribution. Endemic in central I

gion of Cordoba and San Luis. Its p

doubtful.

Common name. Algarrobillo.

New specimens examined. Argentina. Cordoba: S. Francisco del Chaiiar,

Lorentz 2, fl. & fruit, 2 XII 1871 (goet, holotype; cord, ny, isotypes); Dept.

Pocho, Taninga, Luti 4483, 4530 (sr); Dept. San Alberto, Stiickert 10388
(cord); Dept. Tulumba, Puerta de Fierro, Sayago 2139 (si); Pampa de Pocho,

Ragonese & Piccinini (bab 78374, si); Rio Tercero, Burkart 13349 (si); Lago
San Roque, A. T. Hunziker 7084 (tex). San Luis: San Luis a Saladillo, Bur-

kart 12078 (si).

Observations. No better characterization can be given of this plant

than its extreme dwarfness, which allows the traveller to walk on it, if

he does not fear the spines. In the Rio Tercero region it is considered a
nuisance when agricultural lands are to be won.
The variety data Burkart, loc. cit. 1940, has been transferred to specific

rank; see Prosopis data (Burkart) Burkart.

29. Prosopis pallida (Humboldt & Bonpland ex Willdenow) H.B.K.,
Nov. Gen. Sp. PI. 6: 309 [folio ed.]. 1823; Sprengel, Linn. Syst.

Veg. ed. 16. 2: 326. 1825; M. C. Johnston, Brittonia 14: 87, 88

[under P. limensis\. 1962; Fosberg, Occ. Pap. Bishop Mus. 23(8)

:

132-135. 1966.

Acacia pallida Humboldt & Bonpland ex Willdenow, Sp. PI. 4(2): 1059. 1805.
Mtmosa pallida (Willdenow) Poiret in Lamarck, Encycl. Meth. Bot., Suppl.

1: 65. 1810.

Prosopis limensis Bentham in Hooker's Jour. Bot. 4: 350. 1842; Bentham,
Trans. Linn. Soc. London 30: 378. 1875; Burkart, Darwiniana 4: 114.

1940; M. C. Johnston, Brittonia 14: 87. 1962; Svenson, Am. Jour. Bot.
33: 452. fig. 3. 1946; Macbride, Fl. Peru [Legum.], Bot. Ser. Field Mus.
Nat. Hist. 13(3): 110. 1943.

Illustrations. O. Degener, Fl. Hawaiiensis 2 : family 169a, plate s.n.,

8 V 1937, sub Prosopis chilensis (Mol.) Stuntz; Hosaka & Ripperton, Le-
gumes Hawaiian Ranges, Hawaii Agr. Exp. Stat. Bull. 9Z:SS.fig. 34. 1944
(also sub P. chilensis); Svenson, Am. Jour. Bot. 33: 452. fig. 3. 1946,
sub P. limensis.

Tree (or shrub on sterile soils) 8-20 m. high, trunk to 60 cm. in di-

ameter, unarmed or spiny, with short, axillary, uninodal, geminate, di-

vergent spines less than 4 cm. long. Leaves medium to small in size,
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pallid grayish-green when dry, (l-)2-4-jugate, pubescent, ciliolate to

subglabrous; petiole short, with the rachis 0.8-4.5 cm. long, pubescent;

pinnae 1.5-6 cm. long, with a sessile, cuplike gland at their junction;

leaflets green or gray when dry, 6 to 15 pairs per pinna, approximate with-

out touching or a little distant, pubescent or at least ciliolate, oblong-

elliptic to ovate, obtuse or mucronate, firm, pinnatinerved below, 2.5-8.3

mm. long X 1.4-4 mm. broad. Racemes spiciform, much (2 to 3 times)

longer than the leaves; rachis and the short peduncle pubescent, together

8-15 cm. long; florets dense (200 to 250 per raceme), short-pedicelled,

greenish-yellow; calyx ciliolate, 0.5-1.5 mm. long; petals 2.5-3 mm. long,

free, villous within; stamens 5-7 mm. long; ovary stipitate, villous. Le-

gume straight or subfalcate, very similar to that of P. juliflora (Sw.)

DC, but thicker, straw-yellow when ripe, with parallel margins, fleshy,

sweet, edible, subcompressed, long or short stipitate with rounded base,

and acuminate, sometimes nearly subquadrate-rectangular in transection,

(6-) 10-25 cm. long X 1-1-5 cm. broad X 5-9 mm. thick; endocarp

segments to 30, broader than long; seeds oblong, brown, 6.5 mm. long.

Common names. Algarrobo or algarroba, algarroba paiva, huarango

(Peru); algarrobo americano (Puerto Rico); kiawe, algaroba, mesquite

( Hawaii ) ; carobier ( Marquesas )

.

Distribution. Native to Peru, Colombia, and Ecuador in the drier

parts and along the Pacific coast; naturalized in some parts of Puerto

Rico, very much so in the Hawaiian Islands, and perhaps elsewhere

(Brazil); introduced for cultivation in India and Australia.

Material examined. Colombia: Intendencia del Meta, Llanos orientales,

Cumaral, at 280 m. elev., Garcia-Baniga 4976 (lil). Ecuador: Prov. Oro. Ma-

chala to Puerto Bolivar, Hitchcock 21114 (ny); Prov. Loja, Puente Boqueron,

Asphmd 18078 (ny, r); Catamayo Valley, La Toma, Wiggins 10950, 10953 (ny);

Duran, Rose & Rose 23587 (ny); Prov. Guayas, Guayaquil to Salinas, at sea

level, Mexia 6739 (ny). Peru: Prov. Piura. Paita, Rose 18511, Williams

2923, 2974 (ny); Parinas Valley. Hanght 164 (ny)
;
Lima(?). Rio Apuri-

mac, Weberbauer 5901 (ny); Dept. Arequipa, Caraveli, Lomas. litis &
Ugent 1586 (ny); Jard. Bot. Lima, 0. Velarde N. 2730 (cord, si); Puente

de Olmos, Angido & Lopez 405 (si); Dept. lea, laguna de Orovilca cerca de

lea, Ferreyra 2498 (si, us), 0. Velarde N. 1537 (lil); Prov. Lambayeque, Ol-

mos, O. Velarde N. 812 (lil). Puerto Rico: Mayaguez, Cabo Rojo, Stimson 3132

(MO, NY, uc); Distr. Mayaguez, Cabo Rojo, El Combate, Burch 6678 (mo).

Hawaiian Islands: Oahu, Honolulu, dry coral plain. Baker 128 (bish); VVaikiki,

Hastings, 28 IV 1931, Lower Diamond Head, St. John & Christophersen 10552

(bish, SI); Honolulu. Fosberg 14217 (ny), Fosberg 42015 (us); University of

Hawaii, Manoa Campus, Solbrig 4225 (gh, si), D. Herbst 539 (bish, si); Oahu,

Degener 7263, Harris C-242149, Heller 2001 (mo, ny), Long 1706 (us); Na-

nakuli, Degener 9955 (mo, us); Molokai, Hitchcock 15114 (us). Marquesas

Islands: Uahuka, Decker 1908, introduced from Hawaii (us). India: Lahore,

Laurence Gardens, fl.. fruct., V 1912 (gh). Australia: Queensland. Brisbane,

cultivated Botanic Gardens, C. T. White 2390, 8642 (gh).

Observations. I could not find any constant difference between Proso-
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pis pallida and P. limensis and therefore place the latter name into the

synonymy of the former. Both species were described originally from

Peru, and Bentham, the author of P. limensis, neglected to compare it

with the much earlier P. pallida.

Fosberg {loc. cit. 1966, p. 134) distinguishes Prosopis pallida forma pal-

lida, unarmed, and forma armata, with spines. In Hawaii he found that

nearly y^ or V, of the trees of different forests were spiny and the rest

were spineless. No study of this sort has been made in the original home

of the species, where it is not yet cultivated. Probably the spiny type

dominates. Herbarium specimens are not conclusive in this respect, be-

cause not all branchlets of a tree may be spiny.

Previous to M. C. Johnston's discussion of this species (Brittonia, 1962),

it had been neglected and, especially in Hawaii, was treated as P. juli-

flora or P. chilensis.

In the tropical rainforest of Ecuador, near Santo Domingo de los Col-

orados, 40 km. from Quevedo, at 570 m. above sea level, there appears

an intermediate form, Prosopis pallida X P- juliflora, with the following

characters: trees to 30 feet tall; flowers white; spines rare, geminate, to

2 cm. long; foliage glabrous; leaves bijugate, expanded; leaflets oblong,

8-11 mm. long, glabrous, somewhat distant; pinnae to 6.5 cm. long, as in

P. juliflora; racemes longer than the leaves, up to 15 cm., as in P. pallida.

Perhaps this is a form of P. juliflora var. horrida.

Uses. Prosopis pallida is a very valuable tree for ornament, for shelter

in arid conditions, and for timber, fuel, and forage (fruits). It is highly

esteemed by foresters in Hawaii. Its cultivation must be encouraged in

other warm and dry countries. See W. L. Hall, The forests of the Ha-
waiian Islands. U. S. Dept. Agr., Bur. Forestry Bull. 48: 9, 10. 1904.

Washington, D. C. ("Algaroba" forests, sub Prosopis juliflora); Hosaka
& Ripperton, loc. cit.; Degener, Fl. Hawaiiensis 2 : 1937 (sub P. chilensis).

If Fosberg (Occ. Pap. Bishop Mus. 23(8): 132-135. 1966), fol-

lowing Johnston (1962), is correct that the Hawaiian "algaroba-forests"

are formed by Prosopis pallida, then the following paper must be con-

sidered here: Hosaka & Thistle, Noxious Plants of the Hawaiian Ranges,

Ext. Bull. Univ. Hawaii 62: 23. 1954 (sub P. chilensis). The authors

do not deny the utility of the tree, but they maintain that it may become
an invader and form thickets which are a nuisance.

30. Prosopis affinis Sprengel, Linn. Syst. Veg. ed. 16. 2: 326. 1825.

Gottingen.

Prosopis algarobilla Grisebach, Plantae Lorentzianae in Abh. Kon. Ges. Wiss.

Gottingen 19: 83. 1874; Burkart, Darwiniana 4: US. fig. 13. 1940, and
3: 28, 40, 114. tab. 2. 1937, 1939.

Prosopis nanduhey Lorentz ex Grisebach, Symb. Fl. Argent, in Abh. Kon.
Ges. Wiss. Gottingen 24: 117. 1879.

Prosopis algarobilla Grisebach var. nandubay (Lorentz) Hassler, Repert. Sp.

Nov. 16: 154. 1919; Burkart, Darwiniana 4: 118. tab. 18. 1940.
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I Rt; G. Prosopis. Lectotype

Flat-topped, spiny savanna tree of medium or small ;

much and irregularly branched; bark persistent, grayisl

short, to 50-60 cm. in diameter; branchlets somewhat fl<
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axillary spines short, divergent, 0.3-2.5 cm. long. Leaves persistent, small,

1-3-jugate, petiole (incl. rachis) 0.2-2.2 cm. long; pinnae 1-6 cm. long;

leaflets small, glabrous or puberulous, approximate to imbricate, 10 to 30

pairs per pinna, linear-oblong, firm, obtuse to subacute, pinnately reticu-

late-nerved below and on the margins, greenish when dry, 2-7.5 mm. long

X 0.8-1.8 mm. broad. Racemes spiciform, longer than the leaves, short-

peduncled; rachis long, pubescent (with peduncle), 5-13 cm. long; florets

greenish-yellow; calyx puberulous, 1.5 mm. long; petals 4 mm. long, also

pubescent outside, villous within; ovary stipitate, villous; stamens 7-8

mm. long. Legume falcate to annular, rarely straight or S-shaped, linear-

oblong, compressed; margins undulate, therefore moniliform, 7-17 cm.

long X 0.9-1.6 cm. broad X 6-8 mm. thick; exocarp crustaceous, straw-

colored, much tinged with red or violet, sometimes entirely dark-violet;

mesocarp thin, pulpy, acidic; endocarp segments 8 to 19, hard, flattened,

ovate-rotund to subquadrate, variable, 7-10 mm. long X 7-14 mm.
broad X 3-4 mm. thick.

Distribution. Bolivia(?), extreme southern part; Paraguay; eastern

th of Buenos Aires; Brazil, extreme SW of Rio Grande do

western Uruguay. An important campos-tree, forming light forests

lerbaceous understory rich in grasses.

Selected new material examined. Brazil. Rio Grande do Sul: Uruguaiana,

Barra do Quarai. Rambo 4215, 26354 (lil, si). Paraguay: Concepcion, Puerto

Risso, Meyer & Schulz (lil 471409); Chaco, Estancia Peiia, Rojas 14032 (lil,

Mo, si); Curupayti, T. Meyer 15956, 15957 (lil); Ypacaray, Sparre & Ver-

voorst 2334 (gh, lil), Hassler 3490 (gh); Itape, Joergensen 4561 (gh, mo),

Hort. Paraguar. 9071 (si); Chaco, Loma Clavel, Hassler 2483 (mo); Central

Paraguay, Morong 851 (mo), Hassler 12392 (mo). Argentina. Formosa: Clo-

rinda, Rojas 12302 (gh); Laguna Oca, Rojas 12227 (si); Dept. Patino, Pala-

cios 333, 463 (bafc, si); Dept. Monteagudo, Dalmacia, Krapovickas et al.

13826, 13831 (ctes, si). Chaco: 25 de Mayo, Napalpf, Campo Largo, Bura-

tovich 572, 612 (lil); Barranqueras cerca de Resistencia, T. Meyer 16272 (si);

Fontana, Meyer 3814 (gh, lil, ny); Las Breiias, Venturi 9765 (gh, mo, ny).

Cordoba: San Justo, costa de Mar Chiquita, Sayago 3623; S. Francisco a De-
voto, Sayago 3577, 3625 (si); Concepc. del Tio a Mar Chiquita, Kurtz 12916
(cord, si); Rio Tercero, Corralito, Sayago 3681, 3682 (cord, si). Santiago

DEL ESTERO: Dept. Moreno, Girardet, /. Morello WW 1964 (si 29956). Santa
Fe: Dept. S. Cristobal, E. Rams a Hersilia, Krapovickas 693, 741 (si); Dept.

S. Javier, Alejandra, G. Martinez Achenhach 992 (si). Corrientes: Capital

a Mburucuya, Burkart 27822 (si) ; Goya, Boelcke 1535 (si) ; Paso de los Libres,

Ibarrola 2222 (ny); Monte Caseros, Ibarrola 2415 (gh); Empedrado, La Yela,

Pedersen 3071 (mo). Entre Rios: La Paz, Burkart & Bacigalupo 21231 (si);

Concepcion del Uruguay, Lorentz 896 (gh, fi, isotypes of P. iiandubey Grise-

bach), L. Hauman (ba 51388), Nicora 3176 (si); arr. Isletas, Burkart 21754,

21756, 21758 (si). Gualeguaychu, Burkart 27699 (si). Buenos Aires: Partido

Escobar, B. de Escobar, Burkart 23903 (si). Uruguay: Paysandu, Chapicuy,
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Rosengurtt B-3653 (lil, si); Dept. Colonia, Estancia Recreo, Bartlett 21241
(uc, us); probably western Uruguay, Montevideo, F. Sellow, sub P. affinis, ex
Bernhardi Herb, (mo 1844461, lectotype specimen).

Uses. Prosopis affinis yields valuable fuel and highly esteemed fence

posts of great durability (in fact, it is the most valuable tree for that

purpose). In many "estancias" (ranches) its use is rationed; it is cut

down after 8 to 10 years and allowed to regenerate in lands of mixed for-

est/stock-raising industry. In open stands this Prosopis allows a vigor-

ous grass-sod to grow among the trees; at the same time it offers shelter

and, with the fruits, a concentrated food to cattle (which is welcomed
in summer when grass grows more slowly). The flowers serve as an ex-

cellent bee-pasture.

This species is to be recommended for reforestation. According to my
own experience at the botanical garden of the Faculty of Agronomy,
Buenos Aires (1928 to 1943), where the species is cultivated from Chaco
seed, it was full-grown and matured fruits for the first time at 7^2 years

of age (3.5 m. high; trunk 7.5 cm. in diameter). Its growth rate is there-

fore not as slow as many people believe (Burkart, Las Leguminosas Ar-

gentinas, silvestres y cultivadas. ed. 2. 135. 1952. Buenos Aires).

In Uruguay it is also important as a forest tree and has been the sub-

ject of a special study by Professor Marta Rolfo, Montevideo (ined., in

Observations. The binomial Prosopis affinis Sprengel was a taxonomic

mystery for a long time, owing to the brevity of the original diagnosis and

the impossibility of finding the type specimen. In my earlier paper I

had to leave it within the noniina dubia (Burkart, Darwiniana 4: 125.

1940). Fortunately, this year I discovered a probable isotype in the her-

barium of the Missouri Botanical Garden. It arrived there with the J. J.

Bernhardi Herbarium purchase made in Germany by Henry Shaw, foun-

der of the Garden in the year 1857. Bernhardi 's herbarium contains speci-

mens collected in Brazil and Uruguay by Friedrich Sellow (or Sello) in

the years 1820 to 1831. His specimen is marked ''Prosopis affinis Spr.,

Montevideo," but it probably comes not from that city, but from western

Uruguay, where the species is common and where Sellow collected (see

his travel routes described by Ignatz Urban in Martius's Flora Brasilien-

sis. Vol. 1. 1906). Bernhardi's specimen may become the lectotype of

P. affinis Sprengel, a name which must replace the long-known P. algaro-

billa Grisebach.

The specific epithet alludes to the affinity of the species with the pre-

ceding one in Sprengel's enumeration, P. pallida (Willdenow) Kunth,

which indeed is its nearest relative even now.

31. Prosopis articulata S. Watson, Proc. Am. Acad. 24: 375. Jan. 31,

1889; Burkart, Darwiniana 4: 103, 113. 1940; Johnston, Brit-

tonial4:86. 1962.

Neltuma articulata (S. Watson) Britton & Rose, N. Am. Fl. 23(3): 187. 1928.
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Prosopis juliflora (Swartz) DC. var.

Dudley Herb. 4(2): 17. 1950; Shn
the Sonoran Desert 1: 604. 1964.

Neltuma pazensis Britton & Rose, N. Am. Fl. 23(3): 187. 1928.

Prosopis pazensis (Britton & Rose) Wiggins, Contr. Dudley Herb. 4(2): 18.

1950; Shreve & Wiggins, Vegetation and Flora of the Sonoran Desert 1:

605. 1964.

Upright polypodial shrub 2-5 m. high or tree with short trunk; bark
smooth, brown; branchlets flexuous, greenish; spines axillary, uninodal,

paired, rarely solitary, 0.3-3 cm. long; foliage puberulous or glabrous,

shorter than the racemes. Leaves unijugate, rarely uni- or bijugate on
strong shoots, and then sometimes equalling the racemes, small on brachy-

blasts; petioles 0.2-2.5 cm. long; pinnae 0.4-6.5 cm. long; leaflets 6 to

20 pairs, linear-elliptic, obtuse, small, 2.5-12 mm. long X 1.2-3.5 mm.
broad, approximate on the rachis or a little distant, less than their own
width, glabrous or puberulous, enervate, unicostate or reticulate-nerved.

Racemes 4-9 cm. long, longer or equalling the leaves; florets small, nu-
merous, yellow, and similar to all those of the P. juliflora group; pedicels

short; petals free, 3.5-4 mm. long, villous at the apex; ovary stipitate,

pubescent. Legume dry, moniliform in outline but very much flattened,

yellow or tinged with violet, 10-24 cm. long X 5-8 mm. broad, the seg-

ments elliptic-fusiform, longitudinal, 5 to 18; stipe 1-3 cm. long; isthmi
narrow, 1-5 mm. broad; pericarp thin (0.2-0.5 mm. thick at maturity);
exocarp puberulous or glabrous, striate; mesocarp longitudinally fibrous;

endocarp thin, flexible, smooth, whitish, the segments 1-1.8 cm. long.
Fruit of bitter taste, not sweet as in common species {teste M. Martinez)

;

seeds longitudinal, elliptic, brown, 7-8 mm. long, funicle short, coiled,

fixed at the distant angle of the segment.

Common names. Mesquite amargo; mesquit; mezquite.

Distribution. Northwestern Mexico (Sonora, Baja California) and per-
haps Arizona, U.S.A. Flowering and fruit setting in November. Stony
and sandy mesas or plains.

Material examined. Mexico. Sonora: Guaymas, stony mesas at foothills,
Sept. 1887, E. Palmer 197 (gh, holotype; ny, uc, us, isotypes); Guaymas,
Gentry 4689 (gh; mexu; uc, topotype; us); Guaymas, /. N. Rose 1224 (mexu,
us); Hermosillo, Maltby 250 (us); Bacum Station, near Rio Yaqui (south
of Guaymas), Pacific slope, Pennell 20204 (gh, ny, us). Baja California- Cape
District, Peters 108 (uc); Sierra de la Giganta, Carter 4135a (uc); San Nico-
las Bay, /. M. Johnston 3708 (us); Puerto Escondido, /. M. Johnston 4137
(us); San Evaristo Bay, Gulf of California, /. M. Johnston 4087 (mo us);
La Paz, Martinez 26 (us), /. N. Rose 1324 (gh, isotype of Neltuma pazensis);
Valle de la Paz, E. Mayoral Vazquez 3280 (encb). United States(.'). Arizona:
Phoenix, H. Hubbard, 13 IV 1930 (colo 46104).

Observations. This is, according to M. C. Johnston (Brittonia 14:
86), "one of the more distinct taxa in a group of indistinct ones." Some
specimens, such as those collected by Ivan Johnston in Sonora, have
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larger leaver and leaflets than usual, but a typical artkulata-pod They

vigala ^elutir

I P. veluttna, a species growing in the

noran regions, for instance. White 402 is assigned here to P.

but has fruit characters tending toward P. artkulata.

Variation of leaf size shows a dimorphism connected with the existence

of long and short shoots. Tn Gentry 4689 I measured on the same branch-

velutin

long,
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Prosopis campestris Grisebach var. elata Burkart, Darwiniana 4: 112. 1940.

Spiny shrub 0.6-4 m. high, polypodia!, arborescent; bark dark; branch-

lets flexuous, green, knotty, with short internodes; small leaves; spines

axillary, uninodal, geminate, smooth, variable, 0.5-8. 5 (-11. 5) cm. long,

3-4 mm. in diameter, the exceptionally long ones to 5 mm. in diameter

near the middle, strangled at base, thicker than the supporting branchlet,

often perpendicular to it, rarely solitary. Leaves uni- to bijugate; petiole

(including rachis) 0.5-3.5 cm. long; pinnae 1.5-3.5 cm. long; leaflets

15 to 26 pairs per pinna, approximate, their margins touching or less

distant than their width, puberulous or glabrous with ciliae at the base,

elliptic-oblong, obtuse or subacute, pinnatinerved, 2-4.5 (-6) mm. long

X 0.7-1.2 mm. broad. Racemes spikelike, 2-7 cm. long, laxi- or densi-

florous; florets puberulous or glabrous outside, greenish-white to yellow,

sometimes reddish; petals villous at apex, 2-3 mm. long. Legume straight,

fleshy, compressed, yellow, tinged with violet, 6-9 cm. long X 6-8 mm.
broad, puberulous when immature; margins undulate; segments sub-

quadrate, 11-13; pulp acid, not edible, scarce.

Distribution. Paraguay, Argentina, Gran Chaco, especially abundant

in the central Pilcomayo region, forming open woods of the savanna type.

Common names. Algarrobito; algarrobillo ; huaschillo; guaschin (For-

mosa, teste J. Morello)
;
quisca-taco (Formosa, teste Bordon); guajchil-

lo (Santiago del Estero); ixwimik (Salta, teste Metraux, Mataco In-

New material examined. Paraguay: Sector Pilcomayo, Munoz, Rojas 6978

(si). Argentina. Salta : Dept. Oran, Pichanal, Carmelich, Devoto & Rial Alberti,

Herb. Forestal 1007 (si); Salta, chaco, Selva San Andres, Metraux, sterile, 17

IV 1939 (us). La Rioja: Dept. Tello, Ruiz Leal & Roig 17210 (si). Tucu-
man: Dept. Leales, Las Herreras, Monetti 1211 (lil, si). Formosa: Ing.

Juarez, Burkart 20201, Bordon 60 (si); Fortin Pilcomayo, Krapovickas 1240

(lil, si); Estero Patiiio, Morello & Addmoli V 1967 (si). Santiago del Es-

tero: Dept. Rio Hondo, Va. Jimenez, Venturi 9712 (mo, ny, us); Dept. Gi-

menez, El Charco, Schreiter 5959 (lil, si); Espada, Arganards 364 (si). Cor-

doba: Dept. Tulumba, Puesto de Fierro, Sayago 2161 (si); Dept. S. Justo,

Marull, Sayago 1690, 1764 (si); Dept. Rio Seco, Villa Candelaria, Sayago 46

(SI).

Uses. According to Metraux, in schedula, the wood is used for making

33. Prosopis tamaulipana Burkart, nom. nov.

Neltuma palmeri Britton & Rose, N. Am. Fl. 23 (,

Trees of small to medium size, round-topped; trunk short; old bark
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rough and gummy; branchlets drooping (as in willows), green, slender,

slightly flexuous and knotty, the young ones 2-3 mm. in diameter; spines

geminate, axillary, short, 0.5-1.5 cm. long, not present on all nodes. Leaves

mostly fascicled, uni- to trijugate, glabrous or puberulous, glaucous-gray-

ish when dry; petiole (plus rachis when present) 0.4-3.5 cm. long, pu-

bescent or glabrous; pinnae 2.5-4 cm. long; leaflets (15 to) 20 to 29

pairs per pinna, approximate on the rachis, oblong, obtuse, grayish-green,

glabrous, puberulous or with more or less marginal ciliae, 2.8-5 (-7) mm.
long X 1-1.8 mm. broad, pinnately reticulate-nerved below. Racemes 5-

8 cm. long; flowers small, greenish-white; pedicels 0.5-0.8 mm. long;

calyx ca. 1-1.5 mm.; petals 3-3.5 mm.; stamens 5-6 mm. long; ovary

villous. Legume straight, 8-13 cm. long X 6-8 mm. broad, linear, com-

pressed-submoniliform, puberulous or glabrous, straw-yellow with longi-

tudinal striae; stipe 6-8 mm.; acumen 2-10 mm. long; margins some-

what constricted between the seeds; mesocarp pulpy, sweet; endocarp

segments 10 to 18, hard, coriaceous, closed, ovate-rhombic to obliquely

subquadrate, ca. 5.5 X 6-6.5 X 3.5 mm. long, broad, and thick; seeds

ovate, compressed, brown, 5-5.5 mm. long.

Distribution. Mexico: Tamaulipas and Veracruz.

Material examined. Mexico. Tamaulipas: vicinity of Victoria, at ca. 320

m. alt., E. Palmer 400, V VI 1907 (gh, mo, isotypes of Neltnma palmeri Brit-

ton & Rose; ny); Valle de los mamuts, 10 km. al N de Xicotencatl, 100-200

m. elev., perfil atraves de Sierra Madre Oriental, region de Gomez Farias, Mar-

tin & Saravia 1141 (encb); Altamira, Crtitchfield & Johnston 5230 (tex)
;

Ejido Guemez, 300 ft. elev., on alluvial clay flat, very common trees. Crutch-

field & Johnston 5181 (mexu). Veracruz: 9 miles east of Ebano, S.L.P., brush

on heavy clay, elev. 50 ft., Crutchfield & Johiston 5146 (tex).

Ser. Chilenses Burkart

34. Prosopis chilensis (Molina) Stuntz emend. Burkart

Ceratonia chilensis Molina, Saggio sulla storia naturale del Chili 172. 1782;

Hauman, Physis 7(24): 75. 1923.

Prosopis chilensis (Molina) Stuntz, Invent. Seeds PI. Import., U. S. Dept.

Agr. Bur. PI. Industr. 31: 85. 1914 (of. Index Kew. Suppl. VI; Gray Herb.

Index); Burkart, Darwiniana 4: 105. 1940; Burkart, Las Leguminosas Ar-

gentinas silvestres y cultivadas. ed. 2. 131. 1952; Benson, Am. Jour. Bot.

28: 749. 1941; Looser, Rev. Univ. Catol. Chile 47: 103-116. 1962; John-

ston, Brittonia 14: 88. 1962.

Acacia siliguastrum (Cav.) Lagasca, Gen. Sp. PI. 16. 1816.

Prosopis siliqiiastrum (Lagasca) DC. Prodr. 2: 447. 1825.

Prosopis schinopoma T. Stuckert, Bull. Acad. Geogr. Bot. III. 13: 87. 1904.

Illustration. C. Murioz P., Sinopsis Flora Chilena 153. pi. 132. 1959.

Tree, becoming large in age, with short trunk, 3-10 m. tall, the treetop

rounded; branchlets flexuous, knotty, partly spinous; spmes on strong

shoots, axillary, geminate, uninodal, hard, conic-subulate, up to 6 cm.
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long. Leaves deciduous, glabrous, uni- to bi- or trijugate, elongate, but

giving only slight shade, mostly fascicled; petiole (rachis when extant

included) 1.5-12 cm. long; pinnae 8-24.5 cm. long; leaflets 10 to 29

pairs per pinna, long-linear and distant on the rachis (4-12 mm. apart),

glabrous throughout or with some ciliae on the margins at base, 1.1-5.4

cm. long X 1-1-3 mm. broad, pale green, nearly enervate or only the

costa prominent, but not of a different color. Racemes spiciform. densi-

florous, ca. 7-12 cm. long; flowers as usual, greenish-white to yellowish,

ca. 250 per raceme; calyx 1 mm.; petals 3 mm. long, villous within; sta-

mens 5-6 mm. long; ovary pubescent. Legume linear, compressed, with

parallel margins, straw-yellow, stipitate and acuminate, nearly straight,

falcate or subfalcate, ca. 12-18 cm. long X 1-1.8 cm. broad X 0.6 cm,

thick; mesocarp sugary, edible; endocarp segments transverse-rectangular,

broader than long, subcoriaceous, easy to open, numbering 20 to 2>2; seeds

ovoid, compressed, brown, 6-7 mm. long.

Distribution. A variable species, its natural area extending from Peru

and Bolivia to central Chile (type locality: vicinity of Santiago) and
northwestern Argentina (the provinces of Salta, Tucuman, Catamarca,
La Rioja, San Juan, Mendoza, San Luis, and Cordoba). A detailed ac-

count, geographical and historical, on the distribution of this important

tree is given by G. Looser, Rev. Univ. Catol. Chile 47: 103-116. 1962,

for the province of Santiago, Chile. In southern Peru it is found at ele-

vations of up to 2900 m.

Common names. Algarrobo de Chile; algarrobo; algarrobo bianco; al-

garrobo panta; arbol bianco (Argentina). Algarrobo, tcako, cupesi (Bo-
livia, fide Cardenas, Not. Prelim. Mat. Medica Boliv. 13. 1943, sub P.

juliflora).

New material examined. Peru: Cuzco, Hacienda Potrero, Convencion, Ce-
sar Vargas C. 2041 (mo, si); Prov. Galea, Hoco, C. Vargas 709 (mo). Bolivia:

Dept. Santa Cruz, San Rafael bei San Ignacio and San Ignacio, Schmidt 102,

136, Oct. 1951 (si). Chile. Coquimbo: Dept. Elqui, Algarrobal y Huanta,
Looser 4333, 4483 (si); Ovalle, Tongay, Quebrada Salina, C. Jiles 1651 (lil);

Ovalle, C. Jiles 509 {si), Wagenknecht, Herb. Looser 4502, III 1942 (si); Dept.
Elqui, Rio Turbio, 1200 m. elev., Wagenknecht, Univ. Calif. Andes Exped. II

18477), Vicuna a La Serena, Worth & Morrison, Univ. Calif. Andes Exped. II

16346 (mo, uc); Dept. Illapel, Hacienda Chillepin, Looser 2224 (gh). Acon-
cagua: Putaendo al N de Los Andes, Zoellner 4934 (si); San Felipe, Killip &
Pisano 39781 (si). Santiago: Tiltil, Montero 82 (oh), Senn 4534 (mo, ny,
uc); Polpaico, B. K. Cassels (si 26960); Batuco, Hastings 350 (uc). Argen-
tina. Tucuman: Dept. Tafi, Amaicha de Valle, 2300 m. elev., Biirkart 5486
(si). Santiago del Estero: Capital, very rare, Argaiiards 466 (si). Catamarca:
Belen, Devoto et al.. Herb. Forestal 645, 651 (si); Alpacinche. Devoto & Rial

Alberti 2321 (si); Capital, Ulibarri 492, Arturi (si 26961); Route 38, 30 km. SW
of Catamarca City, B. S. Vuilleumier 1224 (gh, si); Pilciao, Vervoorst 4255
(tex). La Rioja: Gral. Lavalle, Guandacol, 950 m. elev., T. Meyer 4232 (uc),

Ruiz Leal 18858 (si), Herbst 1096 (si); Chilecito, T. Meyer 3508 (lil, uc)

;

Dept. Independencia, Guayapas, Hayward & Legname 3155 (lil); San Nicolas,



1976

J

BURKART, PROSOPIS 497

Ruta 79, Ruiz Leal 16593 (si). San Juan: Desamparados, Rodrigo 2922 (lp,

si); Quebrada de Gualcamayo, El Salto, Ruiz Leal 18971, Rio de los Piojos,

Ruiz Leal 18870 (si); Angaco Sud, Tinto 2003 (si); Caucete, Volponi & Zar-

dini 105 (lp, si); Calingasta, Covas 527 (si); Valle Fertil, Rio Tumanas, Pic-

cinini & Leguizamdn 1789 (bab, si). Mendoza: Lavalle, Roig 5932, 59,U (si),

Ruiz Leal 9805 (si); Las Heras, Ramblon. Semper 229 (ny); Punta de las Lajas,

Ruiz Leal 9786 (si); Dept. Santa Rosa. La Dormida, Rjiiz Leal 9453 (si). San
Luis: Dept. Junin, El Talita, Burkart 13986 (si); Alto Pencoso, Brnch &
Carette, II 1914 (lp, ny, uc); Bajo de Velis, Kurtz 8531 (ny); Dept. Junin,

Merlo, T. Meyer 13874 (si); La Calera, Burkart 10694, Capital, Anderson 1452

(si); Lujan, El Plumerillo, Bdez 15 (si); Quines, B. S. Vuilleumier 1013 (gh,

Si). Cordoba: Dept. Tulumba, Sayago 2624; Intihuasi. Sayago 3666 (si);

Ischilin, Pajarito a Copacabana, Sayago 3648, 3650 (cord, si); Cosquin. Sa-

yago 1416 (si); Ascochinga, Nicora 1303, Giardelli 956 (si); La Calera, J. H.

Hunziker 2640, 2641 (si); Dept. Sobremonte, La Majadilla, Sayago 1692, 1684

;ited from Bolivia, Schmidt 102 and 136,

X 3 mm. broad, which look like those of var.

the legumes are straight, 20 cm. long, com-

pressed, yellow, 1.2 cm. broad. They may represent a variety, but owing

to the great variability in this species, a thorough study in situ is neces-

sary to decide the question. Vargas 2041, from Peru, is similar in foliage,

but the legume is thicker, shorter, and submoniliform.

Common name. The common name of this form in Bolivia, according to

Schmidt, is 'Capesi."

Prosopis chilensis var. riojana Burkart, Darwiniana 9: 75. 1949.

A tree of the general habit of var. chilensis; spines geminate, 1-3.5 cm.

long. Leaves unijugate; leaflets somewhat puberulous, linear-unicostate,

1.7-4.5 cm. long X 1.5-4 mm. broad, the distance on the rachis between

pairs 5-12 mm. Legume nearly straight, submoniliform. 7-22 cm. long

X 1 cm. broad X 5-8 mm. thick, with 7 to 15 subquadrate endocarp

segments, straw-yellow or more or less tinged with violet, thicker. Argen-

tina, La Rioja, near Jagiiel, type: Burkart 12355 (si).

New material examined. Argentina. La Rioja: Famatina, G. Covas 1313

(LP, ny); Route 9 near Arauco, B. S. Vuilleuviier 1022 (gh. si). Catamarca:

Belen, Sayago 1959, 1483 (si) ; Dept. Tinogasta, El. Puesto. /. Hunziker & 0.

Caso 4030 (bab, si); Quebrada de la Troya, 1700 m. elev., J. Hutiziker & 0.

Caso 4036 (si) ; Andalgala, P. Joergensen L'140 (uc).

Prosopis chilensis urkart, var.

Differt foliolis latioribus, 2-5 mm. latis et leguminibus ;

Typus varietatis: Argentina, Prov. Catamarca, Dept. Belcn, Ulibarri

581, fruct, 26 I 1974 (si).
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The variety catamarcana differs from the typical variety in having

broader leaflets, 2-5 mm. broad; the foliage of the tree and its twigs are

reddish when dry; venation in the leaflets is more visible and tends to be

palmate, because of several basal nerves subparallel to the costa. The

type specimen has no spines, according to the collector, but similar speci-

mens from the same locality do have spines. Leaves are uni- or bijugate

(mostly unijugate), ample. Leaflets are sometimes more than 4 cm. long

and there are 7 to 19 pairs per pinna, distant on the rachis. The legume

is typical, straw-colored, fleshy, sweet, semicircular to annular, sometimes

S-shaped, with parallel margins, 7-8 cm. in diameter of its curvature, ca.

1.3-2 cm. broad, compressed, the endocarp segments rectangular, broader

than long, up to 30, the seeds '

Common names. The same as for var. chilensis in Argentina.

Material examined. Argentina. Salta: Molinos, 2000 m. elev., Ruiz Leal

21310 (si). Catamarca: Dept. Belen, Belen, La Banda, Quebrada de Belen or

Campo de Londres. Sayago 1482, 1484, 1487, 1494, 1583, 1910, 1961, 1964,

1965, 1970, 3506 (si); Andalgala, Cuesta de la Chilca, 1250 m. elev., Parodi

14252 (ch); Catamarca, without further locality, Devoto, Lambois, & Rial

Alberti, Herb. Forestal 641, 650 (si); Belen, Ulibarri 574, 581 (si, typus varie-

tatis); along Rio Andalgala, Solbrig 4215 (gh, si), Joergensen 967 (mo). Tu-
cuman: Tafi, Amaicha al Infiernillo, T. Meyer 12317 (mo). La Rioja: Capital,

Giacomelli 1-3, 15 XI 1927 (si, lil)
; Chilecito, T. Meyer 3508 (gh, lil)

;

General Lamadrid, Villa Castelli, T. Meyer 4073, 1350 m. elev. (gh); General

Lavalle, Guandacol, T. Meyer 4232 (gh). Cordoba: Dept. San Alberto, Los
Cerrillos, Bdez 20 (si). South-West Africa. Namibia, cultivated and subspon-

taneous, Forest Research Officer, Pretoria, nos. 8, 9, and 19 (si); Ovitoto,
17° 10' E, 22° 5' S, Gibson 13, common name "omukara kaka," var. dubious

(mo).

Uses. Important tree locally for shade, timber, fuel, and concentrated

forage or food (owing to its sweet, pulpy fruits). The presence of un-

armed trees midst the common spiny population opens the possibility of

obtaining valuable lines for cultivation. Other aims for selection pur-

poses must be taller trunks and a greater quantity and quality of legumes,

which are much eaten (as sweets, "patay") or drunk (as ''aloja"), and
constitute a staple food for cattle in these arid regions. Prosopis chilensis

is sometimes cultivated in Argentina and Chile and deserves more at-

tention in reforestation programs. According to the results of preliminary

trials, it is one of the fast-growing species under arid conditions in Men-
doza, Argentina (F. Roig, unpublished data).

Observations. According to the chemical data on flavonoid distribu-

tion in Prosopis (Carman), P. chilensis has a different array of flavonoids

than do the similar Argentine and North American species, except for

P. alba, which has exactly the same ones.
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35. Prosopis juliflora (Swartz) DC. Prodr. 2: 447. 1825, Mem. Le-
gumin. 12: 431. 1825; Burkart, Darwiniana 4: 103. pi. 22. 1940;
Johnston, Brittonia 14: 83. 1962; Svenson, Am. Jour. Bot. 33

':

451. pi. 11, figs. 1, 4, 5. 1946; Hubbard in Bailey. Stand. Cyclop.
Hort. 5: 2811. 1922.

Mimosa juliflora Swartz, Prodr. &S. 1788, Fl. Ind. Occ. 2: 986. 1800 ("pili-

Acacia cumanensis Humboldt & Bonpland ex Willdenow, Sp. PI. 4(2): 1058.

Prosopis cumanensis (Humboldt & Bonpland ex Willdenow) H.B.K., Nov. Gen.
Sp. PI. 6: 310. 1823; Kunth, Synop. PI. Aequinoct. 4: U. 1825.

Neltuma juliflora (Swartz) Rafinesque, Sylva Telluriana 119. 1838; Britton

& Rose, N. Am. Fl. 23(3): 184. 1928; Johnston, Brittonia 14: &3. 1962;
Britton & Killip, Ann. New York Acad. Sci. 35: 154. 1936.

Mimosa salinarum Vahl, Eclogae Americanae 3: 35. 1807.

Prosopis bracteolata DC. Prodr. 2: 447. 1825.

Prosopis dominguensis DC. Prodr. 2: 447. 1825.

Algarobia juliflora (Swartz) Bentham ex Heynh., Norn. 2: 18. 1840. according

to Johnston, Brittonia 14: 83. 1962.

Prosopis vidaliana A. Naves, Descripcion de la especie botanica Prosopis

vidaliana, fide F. Villar, "P. vidaliana," 1-19. pi. 1, 2. 1877, according to

Johnston, Brittonia 14: 83. 1962.

Neltuma occidentalis Britton & Rose, N. Am. Fl. 23(3): 185. 1928.

Neltuma bakeri Britton & Rose, Ibid.

Neltuma pallescens Britton & Rose, Ibid.

Tree 3-12 m. tall, sometimes shrubby with spreading branches; wood
hard; branchlets cyhndrical, green, more or less round- or flat-topped,

somewhat spiny with persistent, green (sometimes glaucous or grayish,

not reddish) foliage, glabrous or somewhat pubescent or ciliate on the

leaflets; spines axillary, uninodal, divergent, paired, or solitary and paired

on the same branches, sometimes absent, not on all branchlets, measuring

0.5-5 cm. long, being largest on strong, basal shoots. Leaves ample,

glabrous or pubescent, 1-4-jugate, commonly 1-3 -jugate; petiole plus

rachis (when present) 0.5-7.5 cm. long; pinnae 3-11 cm. long; leaflets

6 to 29, generally 11 to 15 pairs per pinna, elliptic-oblong, glabrous or

ciliate, rarely pubescent, appro.ximate on the rachis or distant a little

more than their own width, herbaceous to submembranous (not sub-

coriaceous as in more xerophilous species and therefore often corrugated

or curved when dried), emarginate or obtuse, mucronulate, pinnate-

reticulately nerved; leaflets 6-23 mm. long X 1.6-5.5 mm. wide. Ra-

cemes spiciform, cylindric, 7-15 cm. long; rachis puberulent; florets as

usual, greenish-white, turning light yellow. Legume straight with incurved

apex, sometimes falcate, straw-yellow to brown, compressed, linear with

parallel margins, stipitate and acuminate, 8-29 cm. long X 9-17 mm.

broad X 4-8 mm. thick; stipe to 2 cm. long; endocarp segments up to 25,

rectangular to subquadrate, mostly broader than long; seeds oval, brown,

transverse.
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Distribution. Northern South America (Venezuela, Colombia), Pa-

nama, Central America to Mexico and the Antillean Islands; the type

specimen from Jamaica, but apparently from introduced material. A neo-

tropical, coastal species. Introduced for cultivation in northern Brazil

and other countries in Asia. In the Antilles it seems to be introduced.

Ekman (Arkiv Bot. 23A (6): 29. 1930), describes its increase in Haiti,

where it is considered a nuisance.

Common names. Cashaw (Jamaica, teste Fawcett & Rendle) ; baya-

honda, mezquite or cambron (Santo Domingo, Puerto Rico); baron

(Haiti, teste B. Simpson, 1973); bayahonde (Haiti; from French, "baie-

a-ondes"); algarroba or mezquite (Mexico); mareiio (Mexico, Sinaloa,

teste Gonzalez Ortega); catzimec (Maya, Yucatan, Guatemala, teste

Standley & Steyermark) ; carbon (El Salvador, Standley, in schedula);

espino ruco (Honduras, Molina, in schedula); acacia de Catarina (Nic-

aragua, teste Standley, 1922); aromo, mancacaballo (Panama); algarrobo,

cuji, cuji negro {teste Garcia Barriga & Forero Gonzalez) ; trupillo, manca-

caballo (Colombia, teste Britton & Killip, 1936); cuji, yaque, cuji yaque,

yaque bianco, yaque negro, cuji negro (Venezuela, teste H. Pittier) ; cuji

amarillo, maiz criollo (the legumes which fatten cattle) (Guarico, teste

R. Montillo); algarrobo (Ecuador, teste Rimbach, in schedula); algaro-

ba (Brazil, northeastern states); aroma (Philippine Islands, teste Stand-

ley, 1922).

The most generalized names are "algarrobo" in Spanish speaking coun-

tries and "mesquite" in the Mexican-Texan area, but both are collective

names for P. juliflora, P. laevigata, P. glandulosa, etc. in the north, and

P. chilensis, P. alba, P. nigra, and similar species in the south, where

"mesquite" is unknown; the original Quechuan name, now nearly aban-

doned, was "tacu" or "taco." In Venezuela the names "cuji" or "yaque,"

not known outside, are employed.

"Algarrobo" was orginally the carob tree, Ceratonia siliqua L. from the

IMediterranean countries, and this name was transferred by the Spaniards

to the American trees of the Prosopis sect. Algarobia alliance because of

the similarity in form and uses of the legumes. "Algarroba" is the fruit of

the "algarrobo," but the name is sometimes used to distinguish between

nearby species or varieties.

Observations. Prosopis juliflora is used here in its original, restricted,

and certainly biological sense. It was reestablished by the writer {op.

cit. 1940) and accepted by L. Benson (1941), M. C. Johnston (1962),

and other modern authors against the incorrect, all-embracing, collective

P. juliflora concept of Bentham (1875, 1876), which was maintained by

Standley (1922, 1926) and Standley and Steyermark (Fl. Guatemala,

1946) despite difficulties in definition derived from a tremendous vari-

ability within the whole sect. Algarobia species complex. Nobody can

deny the existence of these difficulties, and perhaps in no other plant group

is the insufficiency of common herbarium material more apparent. The
sect. Algarobia species are a challenge for the new, refined taxonomic
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techniques of cytogenetical. ecological, biometric, and phytochemical na-
ture elaborated by other authors.

For the traditional taxonomist remains the task of clarifying the

synonymy and correctly applying the existing binomials. However, it is

already certain that Prosopis juliflora, P. chilensis, P. alba, P. nigra, etc.

are good species.

Chemical results obtained by Carman on the distribution of different

llavonoids in species of sect. Algarobia indicate a complete coincidence

in flavonoid content in Prosopis juliflora, P. glandulosa, P. laevigata, and
P. velutina, all North American species, and differences between them and
eight other South American species. These results substantiate the in-

tegrity of these taxa as species.

New material examined. Mexico: Sinaloa, Mazatlan. along the beach. Rose.

Standley, & Riissell 13720 (ny, type of Neltuma occidentalis); Mazatlan, San-

tiago Ixciuntla, esteros. Gonzales Ortega 6154 (mexu); Sinaloa, Altata, littoral.

H. S. Gentry 5420 (mo); Michoacan, Cayaco, Nelson 6961 (\Y, type of Neltuma

Palkscens) ; Xayarit, Tres Marias Isl., Ferris 5580 (mo) ; Guerrero, Acapulco,

F. A. Barkley 14140 (mo), Paray 3045, Galeana, San Luis, Hitito?i 10886 (mexu,
Mo); Oaxaca, Tequisistlan, M. Ulloa Sosa 26 (mexu). Guatemala: San Marcos,

Ocos, Steyennark 37767 (us). Cuba: Leon & Pierre 3763 (ny), Shajer 1041

(ny). Jamaica: Kingston, Britton & Hollick 1748 (ny), A. S. Hitchcock, Sept.-

Nov. 1890 (mo). Santo Domingo: Los Matos, H. von Schrenk 52 (mo); Monte
Cristi, Moncion, Valeur 943 (mo). Haiti: Source Matlas to Port au Prince, B.

Simpson 6038-1 (gh, si). Curasao: Willemstadt, /. H. Hiinziker 4926 (si);

Ascension, Britton & Shajer 3053 (nv). Montscrrat: Shafer, 21 I 1907 (ny).

El Salvador: Standley 20531, 20788, 23232 (us). Honduras: Standley 20739

(us), Molina 5126 (us). Nicaragua: Managua, Gamier A-667 (us); Tamagasta

peninsula, Maxon et al. 7333 (us); Aserraderos Island, Baker 188, 2076 (mo,

isotype of Neltuma bakeri). Panama: Bella Vista, Standley 25391 (us), P. H.

Allen 824 (us); S Darien. La Palma, Pittier 6616 (us); Isla del Rey. Duke

9525 (us); Chiriqui Prov., Burica peninsula, Busey 494 (mo); Darien. Patino,

Duke 10511(3) (mo); Los Santos, Chitre. Tyson et al. 3017 (mo); Panama,

without further locality, Maxon & Valentine 6958 (us), Macbride 2621 (us).

Colombia: Dept. El Valle, Cauca Valley, N of Palmira, 1050 m. elev.. //. Gar-

cia Barriga 6348 (si); Magdalena, Fonseca. Haught 4062 (si); Santa Marta,

Fosberg 22119 (ny), H. H. Smith 40 (ny); Cartagena, Schott. 11 III 1838 (ny);

Dept. Boyaca, Cord. Oriental, Cuatrecasas & Garcia B. 9835 (si); Santa Marta.

playas arenosas, Giacomefto, Gutierrez. & Barkley 18 C-015 (lil); Dept. Atlan-

tico, Puerto Colombia, Killip & Smith 21073 (ny). Venezuela: Lara, Barquisi-

meto, Killip 37077 (sij, Tamavo 2625 (si); Caraboho. Maracay a Valencia.

Burkart 16131 (si); Lara, El Tocuyo, Pittier 13096 (mo, ny); Falcon, Istmo

de Medanos, Torres, Tamayo, & Tamayo (si 26929); Maracaibo y Cumanacoa,

MocQuerys, 1893-94 (ny, si); Anzoategui, La Ceiba, Vera & Vdsquez 3832

(si); Sucre, Carupano a Guaca, Vera & Vdsquez 3835 (si); N. \^enezuela. Isla

S. Carlos, Curran & Hanan 783 (ny). Ecuador: Manabi, San Vicente, Asplund

16596 (ny); Islas Galapagos, IT', von Hagen 63c. Schimpg 175 (ny). Peru:

loc.(.?), Juafia Infantes Vera 2110 (si). Brazil: Ceara, Fortaleza, Luti 4273

(SI); Pariba. Joao Pessoa, cultivated, Ducke 2319 (si); Rb Grande do^^^^J^e.

gal: Dakar, cultivated, Burkart 24502, fruct., 10 IX 1963 (si); Dakar. Adam
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343 (mo); St. Louis, Adam 27018 (mo). Nigeria: Bornu, Maiduguri, Vjor, F.

H. I. 21943 (mo). Sudan: Kharthum, subspontane, Roberty 5355 (mo). Asia.

Iraq: Abu Ghraib, saline soil near Tel-Akrakoof, Abbas al Ani & Jawad 8820

(uc); Abu Ghraib, roadside, Barkley & Abbas 71 (mo). Kuwait: M. L. Grant

15635 (mo). Vietnam: Saigon, King 5639 (us). India: Allahabad, Panigrahi

5853 (mo). Sri Lanka: Ceylon, R. G. Cooray 69.121.701 R, on roadside (mo).

Philippines: Luzon, Bataan, Lamao. H. M. Ciirran. Forest Bureau 15562 (ny);

Bataan, along shore, R. S. Williams 379 (xv, us); Manila, Merrill 370, 1853

(gh, mo, ny); Oriental Mindoro Prov.. J. Vera Santos 5178 (us); Island of

Basilan, De Yore & Hoover 72 (us); Malate, /. T. Rosaly (mo 1017448); Lu-

zon, Zapote, Rizal Province, Mendoza, Philippine Nat. Herb. 3840 (mo).

Prosopis juliflora var. inermis (H.B.K.) Burkart, comb, et stat. nov.

Prosopis inermis H.B.K., Nov. Gen. Sp. PL 6: 307. 1825; DC. Prodr. 2: 447.

1825; Svenson, Am. Jour. Bot. 33: 451 (sub P. juliflora). pi. 1, fig. 4. 1946.

This variety differs from var. juliflora in its finely pubescent leaflets

and its lack of spines. It seems abundant in the region of Guayaquil,

Ecuador. From herbarium material, even when spines are lacking, it is

not aways possible to distinguish it from the typical variety.

Material examined. Ecuador: Prov. Guayas, Guayaquil, A. A. de Delgado

47, 56-58, 66 (mo, si); Guayaquil, "common, dominant tree in savanna," E. L.

Little, Jr. 6560 (ny); Guayaquil, Asphind 15225 (ny); Santa Cruz, W. von

Hagen 4 (ny), Valverde 952 (mo).

Prosopis juliflora var. horrida (Kunth) Burkart, comb, et stat. nov.

. Gen. Sp. PI. 6: 306. 1823; DC. Prodr. 2: 446.

1825.

Spiny tree 3-8 m. tall, the spines sometimes rare, geminate, axillary,

1.5-7.5 cm. long; branchlets flexuous, grayish or black. Leaves bi- to

quadrijugate; petiole plus rachis 2.5-7 cm. long; pinnae 6-10 cm. long;

leaflets 10 to 15 pairs per pinna, elliptic, ovate to oblong, ca. 1.5 cm.

long X 0.4 cm. broad, distant on the rachis, pubescent, pale, reticulate-

nerved, obtuse. Racemes 9-12 cm. long; florets greenish-white. Legume
straight or subfalcate, compressed, submoniliform, 18-24 cm. long X 1-

1.2 cm. broad (including the stipe, 1.5-2 cm. long, and an acumen of 1.3

cm.), brown, glabrous except for scattered hairs along the margin; seeds

numerous, to 26; joints rectangular, broader than long.

Common name. Algarrobo (northern Peru).

Material examined. Peru: Dept. Amazonas, Prov. Bagua, 500-600 m. elev.,

5° 50' S lat., entre Bagua Grande (near Jaen) y Chamaya, Ferreyra 15646 (uc);

Prov. Bagua, Bagua Grande, San Julian-hill, Hutchison 1501 (ny); Dept. Piura,

Pariiias Valley(?).

Uses. P. juliflora is highly esteemed in several tropical countries as a

valuable tree for shade, timber, and forage legumes. It is cultivated in
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36. Prosopis Grisebach) Hieronymus. IMantae Diaphoricae,

_.._. ^ Cordoba 4: 283. 1882; Burkart. Darwiniana 4:

122. jig. 15. tab. 21. 1940.

Prosopis almrobilla Grisebach var. nigra Grisebach. Symb. FI. Arg. in Abh.

Kiin ties Wi'^s Gottingen 24: US. 1879.

Prosopis diilcis Kunth var, australis Bentham. Jour. Bot. 4: i:>0. 1842.

Round-topped tree 4-10 m. high (to 16 m. high frde Tortorelli); trunk

with persistent, fissured, dark bark, to 50-80 cm. in diameter; heart-

wood dark brown; branches flexuous, the erect long shoots spmy, the
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slender, downward-arching ultimate branchlets almost unarmed; spines,

when present, axillary, geminate, 0.3-3.5 cm. long. Leaves uni- to triju-

gate, medium-sized, ample; petiole with rachis 4-6 cm. long; pinnae 5-

10 cm. long; leaflets ca. 20 to 30 pairs per pinna, distant not more than

their own width or approximate, oblong-elliptic, obtuse, pinninerved, gla-

brous, ciliolate, ca. 4-7 mm. long X 1-2 mm. broad. Spikelike racemes 7-

9 cm. long, equalling the leaves; florets small, numerous, fragrant, green-

ish-white or yellow, nearly glabrous outside; petals 3 mm. long. Legumes

straight or slightly subfalcate, thick, somewhat compressed, fleshy, sub-

moniliform, 10-16 cm. long X 0.7-0.9 cm. broad, yellow, tinged with

violet when ripe, edible, sweet; endocarp segments obliquely subquadrate,

ca. 8 to 27; seeds ovate, 5-7.5 mm. long.

Distribution. Southern Bolivia; Argentina; Paraguay; western Uru-

guay. Very important and abundant tree in the Gran Chaco formation

from Cordoba and Buenos Aires provinces to the north; it thrives best

on deep clay soils and tolerates alkali.

New materi.-^l examined. Argentina. Jujuy: San Pedro a Urbana. KiUip

39632 (sr, us); San Pedro, Rio Lavagin, Eyerdam & Beetle, Univ. Calif. Andes
Exped. II 22334 (mo). Salta: Coronal Moldes, Bartlett 19711 (si); Pichanal.

Cannelich, Devoto, & Rial, Herb. Forestal 578 (si). Tucuman : Tapia. Dawson
& Calastreme ISll (bab, si); Dept. Trancas, Vipos, Schreiter 2253 (lil, si);

Dept. Tafi, Banda, Lillo 8730 (si). Catamarca: El Ocho, Parodi 14095 (si);

Catamarca, without further locality, B. S. VuiUemnier 1124 (gh, si). Formosa:
Dept. Patino, La Primavera, Palacios et al. 328 (bafc, si); Ing. Juarez, A. 0.

Bordon 74 (si), Bart, de las Casas, 49 km. east, Solbrig 4267 (gh, si). Chaco:
Zapallar, T. Meyer 2199 (si); Resistencia, Colonia Benitez y Saenz Pefia.

Martinez et al. (baa 9506, 9526, 9628 (si). Santiago del Estero: Dept.
Robles, Beltran, Maldoftado 416 (lp, ny, si); Dept. Choya, Frias, Sayago 2639
(si)

;
Ruta 64 de Capital a Cerrillos. Burkart 20348 (si) ; Dept. Moreno. Qui-

mili, Krapovickas & Cristobal 20450 (si). Cordoba: Dept. San Justo. sfir-

roundings of Mar Chiquita, Sayago 3631, 3634, 3638, 3639 (si); Rio Primero.
La Posta, Sayago 1711 (si); Cordoba a Calera. A. T. Hunziker 8123 (si);

Dept. Capital, Sayago 2014, 2018 (si); Dept. Sobremonte, Sayago 1696 (si);

Capital, Rodrigo 277 (lp, si); Dept. Colon, Nunez del Prado. Sayago 1298.

1299 (si); Pozo del Tigre, Sayago 1290 (si). San Luis: Capital, Andersen
658 (si). Santa Fe: Dept. Oral. Obligado, Lanteri. Burkart 5927 (si). Cor-
RiENTES: Paso de los Libres, Correa et al. 5230 (si); Mburucuya, Santa Maria,
Pedersen 3754 (mo, ny, si, vc); San Roque, Ibarrola 2952 (uc). Entre Rios:
Parana, J. R. Bdez (si 17959), Burkart et al. 23701 (si); Nogoya, Burkart
10516, Diamante, Burkart 22186 (si). Buenos Aires: Partido de Zarate. Las
Palmas, Boelcke 5139 (si).

Uses. Prosopis nigra is a very important and valuable timber tree,

much used for furniture, barrels, tanning, firewood, forage and food (sweet

fruits), bee-pasture, shade, and ornament in dry climates. It reproduces





Figure 10. Prosopis. Left: Photograph of trunk of a large tr

western Uruguay. Right: Wood pile of P. nigra prepared for (

. Marta Rolfo.

Observations. Prosopis nigra is a somewhat variable species and its

limits are not always dear. This fact is probably due to its hybridization

with P. alba or P. flexuosa on the western boundaries of its area.

Type specimens of Prosopis nigra are Hieronymus 486 and 905 (goet),

as stated in my paper of 1940 (pi. 21). Photographs 1458 and 1466 of

the Field Museum series represent P. nigra (not P. algarobilla or P. nan-

Two variants, Prosopis nigra var. ragonesei and var. longispina, merit

taxonomic recognition.

Prosopis nigra (Grisebach) Hieronymus var. ragonesei Burkart, Dar-

winiana 7: 518. 1947; Burkart, Las Leguminosas Argentinas, sil-

vestres y cultivadas. ed. 1. 127. fig. 16. 1943, ed. 2. 127 {fig- ^^)'

132.1952.

Tree unarmed or with very small, axillary spines, of the general habit

of var. nigra, but characterized by very small, more ovate leaflets 1.5-

3.2 mm. long, the legume compressed-moniliform, straight and less sweet;
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the heartwood yellow, less durable. The picture cited in Las Leguminosas
Argentinas, silvestres y cultivadas was drawn from the type specimen.

Distribution. Argentina (Prov. Santa Fe, Dept. San Justo, Dept. Vera,

Common name. Algarrobo amarillo.

Argentina. Santa Fe;

(sr, type); Dept. Vera, arr. d

rt 5933 (si).

. (Grisebach) Hieronymus i

Differt a var. nigra imprimis spinis longis rectis, subulatis tenuibus, haud
supra basin dilatatis, circa 0.5-10 cm. longis; arbor valde armatus, ramu-
lis pendulis habitu et alteris characteribus cum var. nigra congruit.

Typus varietatis: Argentina, Prov. Corrientes. Dept. Capital, Pedersen

2808, fl., 23 IX 1954, ripe fr., 15 II 1955 (si).

This new variety differs from var. nigra in its spiniferous branchlets,

the axillary spines being geminate, straight, 0.5-10 cm. long X at most

3 mm. in diameter, without suprabasal enlargement (such as that seen in

Prosopis elata) and much more slender than in Prosopis pugionata (which

differs moreover by leaflets distant on the rachis). All other characters

of the tree are those of var. nigra, including the pendulous growth of

the slender branchlets, which produces a globose treetop.

The collector of the type specimen, Mr. Pedersen, informs me that this

spiny variety is locally common, as is var. nigra (nearly spineless or with

very small spines), so that natural crossing must be possible.

Distribution. Argentina (Prov. Corrientes, Eastern Chaco).

Common name. Algarrobillo (a diminutive of algarrobo, the common

Spanish name for all of the arborescent species of sect. Algarobia).

Material examined. Argentina. Corrientes; Capital, Pedersen 2808 (si,

isotype; holotype, c). Chaco ; Colonia Benitez, not far from Resistencia. Schulz

1356 (si).

Prosopis caldenic ;. 1939,

3(1): pi. 6 ut "Prosopis" cfr. 'fruticosa" Meyen. 1937, 4: 110.

1940; Burkart, Las Leguminosas Argentinas, silvestres y cultiva-

das. ed. 2. 132. pi. 2, jig. 1. 1952.

Tree with deciduous foliage, medium-sized, round-topped, 4-12 m. high

and 15 m. in diameter at top; trunk short, 20-80 cm. in diameter, in old

specimens to 1.5 m. in diameter (trees of more than 100 years); bark

persistent, fissured, dark; branchlets flexuous, knotty; spines axillary,

geminate, uninodal, divergent, not more than 0.5-2.5 cm. long. Leaves

small, light, glabrous or puberulous (rachis, leaflet-margins), uni- to
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quadrijugate (on long shoots mostly bi- to quadri-jugate, on brachyblasts

or axillary fascicles uni- to bijugate); petiole plus rachis 4-25 mm. long;

pinnae 2-5.5 cm. long; leaflets ca. 20 to 33 pairs per pinna, linear-ob-

long, small, enervate or unicostate, obtuse, approximate, glabrous, ciliolate,

2.7-5.4 mm. long X 0.2-1.1 mm. broad. Racemes spikelike, longer than

the leaves; peduncle plus rachis 3.5-9 cm. long; pedicels 0.7-1 mm. long;

florets greenish-white to yellowish; calyx (1 mm. long) and corolla gla-

brous outside, the petals 2.5-3 mm. long, villous at the apex; stamens 6

mm. long; ovary stipitate, villous. Legume compressed-linear, falcate, in

S- or C-shape or in 1-3 very lax and open spirals 10-20 cm. long X
5-13 mm. broad, stipitate and acuminate (acumen or rostrum 0.5-1.7

cm. long); margins parallel, straw-yellow, violet-tinged; endocarp seg-

ments quadrate or transversely rectangular, in one row, up to 35; seeds

ovate, 5-7.5 mm. long.

Distribution. Endemic to south-central Argentina, forming open uni-

specific, semixerophytic woods or forests in the plains of the western

Pampas region (Prov. La Pampa, San Luis, southern Cordoba, etc.) and

very sporadic elsewhere; asociated with 5/i/'a-dominated grassland and

few shrubs in a continental climate of warm, dry summers and cold win-

ters (rarely with snow), most frequently between 35° and 38° S. latitude,

and 65° W. longitude, the rainfall 420-630 mm. mean per year, the mean
annual temperature 15-16.5° C. Prosopis caldenia does not tolerate

saline soils, but rather soils with a good deal of sand in their composition.

Common name. Calden.

Material examined. Argentina. Cordoba: V. Dolores, Ruta 146, Bdez 12

(si); Rio Cuarto, A. T. Hunziker 9369 (cord, si); Dept. Gral. Roca, Rio

Quinto, Sayago 730 (si). San Luis: Coronal Pringles, A. I. Pastore 2070,

2071 (gh); Dept. Junin, Santa Rosa, Bdez 1-3 (si); Capital, Btirkart 10671

(si), Anderson 1486 (si); Villa Mercedes, Nicora 4233 (si). Mendoza: Dept.

La Paz, various places, Ruiz Leal 9066, 9448, 9507, 9591 (si); Dept. Santa

Rosa, Campo La Dormida, Ruiz Leal 9867, General Alvear, Rtiiz Leal 21761
(si). La Pampa: Dept. Rancul, La Maruja, Burkart 9959 (si); Dept. Leventue,
B. Vuilleiimier 1002-3, 1004-3, 1005-10 (baa, si); Catrilo. Uriburu, Fortiina

20 (gh, uc); Santa Rosa a Victorica, Cabrera 4353 (gh); Sta. Rosa, Ventttri

452 (gh); Realico, A. T. Hunziker 9393 (si); Dept. Utracan. Cuchillo-C6 a

Epupel, Solbrig 172 (si); Dept. Hucal, Villa Alba, A. T. Hunziker 4240 (sp);

Bernasconi, Bartlett 20006 (gh, si, us); Rancul a Chamico. Cabrera & Crisci

19101 (LP, si); General Acha, Burkart 15995 (si); Km. 358. B. S. Vnilleumier

1001; Loventuel, Vuilleiimier 1002. 1102; Telen a Colonia La Pastoril. B. S.

Vuilleumier 1105 (gh. si); Toay District, Santa Rosa, Conrad 2370 (mo).

Buenos Aires: Bahia Blanca a Medanos, Burkart 25628 (si); Villarino, Boelcke

et al. 11780 (si), Cabrera & Fabris 16438 (lp, si), .4/5i«iJ, Cabrera, & Fabris

14799 (LP, si); General Villegas, Schulz 5784 (lil, ny). Rio Negro: Dept.

Pichi Mahuida, Rio Colorado, Ragonese (si 26957).

Uses. Prosopis caldenia, the "calden," is the only large tree in its

range and forms characteristic forests commonly associated with grass-
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land and scrub. It furnishes valuable timber, but this is inferior to that

of P. alba and other "algarrobos"; nevertheless, it is considered good for

furniture. The legumes serve as concentrated forage for cattle. Wild life,

such as foxes (Dusicyon), guanacos, ostriches, and naturalized wild boars,

feed on them.

When the "caldenales" are cleared for agriculture and later abandoned
because of the frequent droughts, abundant germination occurs, and in

a few years spiny, impenetrable thickets are formed, known locally as

'fachinales." They provide an excellent refuge for wild life, but are for

years useless to the rancher.

Literature on Prosopis caldenia: J. V. Monticelli. Lilloa 3: 348. 1938

(sub Prosopis calden, nomen nudum) ; Koutche & Carmelich, Estudio for-

estal del Calden, Bol. Ministr. Agr. Nac. 37(1-4): 1-22. illustr. Buenos

xAires, 1936 (sub P. algarobilla auct., non Grisebach); J. L. Alfonso, in

Anal. Soc. Ci. Arg. 159: 37-57. Buenos Aires, 1955; J. C. Lassalle, PoKtica

forestal del Calden, Ingenieria Agronom. 15(4): 5-15. Buenos Aires,

1957, Rev. Forestal Arg. 10: 15-19. 1966, Ibid. 6: 44-50. Buenos Aires,

1962; L. A. Tortorelli, Maderas y Bosques Argentinos 399, 403. Buenos

Aires, 1956.

This species grows in a climate with hot summers and cold winters

(with snow when not too dry), so that the wood forms clear growth-

rings and has been successfully used in dendrochronology (Krebs, C. & G.

Fischer, El pluviometro secular, Circ. Sec. Prop. & Inf. :Ministr. Agr.

847: 1-24. Buenos Aires, 1931).

38. Prosopis laevigata (Humboldt & Bonpland ex Willdenow) M. C.

Johnston, Brittonia 14: 78. 1962; Isely, Madroiio 21: 289, 294.

1972.

Acacia laevigata Humboldt & Bonpland ex Willdenow, Sp. PI. 4(2): 1059.

1805.

Mimosa laevigata (Willdenow) Poiret in Lamarck, Encycl. Meth. Hot. Suppl.

Neltuma laevigata (Willdenow) Britton & Rose, N. Am. Fl. 23(3): 187.

Prosopis diilcis Kunth, Mimosas et autres plantes legumineuses. 110. pi. 34.

1822; DC. Prodr. 2: 447. 1825; Humboldt, Bonpland, & Kunth. Nov. Gen.

Sp. 6: 307. 1823.

Algarobia dulcis (Kunth; Bentham, Plantae Hartwegianae 13. 183«J.

Neltuma attenuata Britton & Rose, x\. Am. Fl. 23(3): 185. 1928.

Tree, becoming large with age, spiny, to 6-7 m. tall, sometimes a shrub

of 3 m.; twigs and leaves glabrous: spines axillary, gemmate. O..^ 2..-) cm.

long. Leaves uni- to bijugate; petiole (plus rachis when extant) 0.3-2.5

cm. long; pinnae 2.5-12 cm. long. Leaflets numerous, approximate (in-

terval on the rachis smaller than their width), 15 to 44, mostly 20 to 30

pairs per pinna (in topotype material, 15 to 20 pairs), hnear-oblong, ob-

tuse, glabrous or scarcely ciliolate on margin, 2.5-15 mm. (mostly 5-10
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mm.) long X 1-1-3 mm. broad (2 to 7 times as long as broad (topotype

material 3 to 4 times) according to Johnston, 1962), subcoriaceous (flat

after desiccation, not corrugated as they commonly are in P. juliflora),

pallid greenish to grayish, strongly pinnate-veined beneath. Racemes

spiciform, 4-10 cm. long, multiflorous; flowers greenish-white; calyx 1

mm.; petals 3-4 mm. long. Legume 9-17 cm. long X 0.7-1.4 cm. broad,

linear, glabrous, straight or slightly curved, submoniliform, yellow or vio-

let-sprinkled, compressed; transection rectangular or rounded at maturity;

margins undulate; segments rounded-subquadrate, shorter than broad;

stipe 0.2-1 cm. long; acumen 0.3-1 cm. long; epicarp veined, crustaceous,

yellow or violet-tinged ; seeds longitudinal.

Distribution. Mexico, especially the central plateau and hillsides (cf.

M. C. Johnston, Brittonia 14: 73. fig. 1. 1962); U.S.A., rare in Nueces

Co., Texas.

Material examined. Mexico: Tamaulipas, Tampico, E. Palmer 229 (ny);

San Luis Potosi, Schaffner 593 (ny). Roe et al. 66 (ny); Zacatecas, Jalpa,

Mahler 5800 (ny); Jalisco, Juanacatlan, 1600 m. elev., Rzedowski 16339 (us);

Hidalgo, Actopan, King 4197, 4203, 4205 (ny), Pringle 8350 (ny); Michoacan,

Punguato, Arsene 8297 (gh; ny; mo, type of Neltiima michoacana); Morelia

G. Arsene 8447 (gh, isotype of Neltuma attenuata; MO, ny); Puebla, Tehuacan
a Puebla, Gentry, Barclay, & Argiielles 20212 (us); Tehuacan area, above

Calipan, 1000-1800 m. elev., C. E. Smith et al. 3746 (us); Guerrero, Coyuca,

Hinton 5471 (ny); Valle de Oaxaca, Conzatti 5158 (si); Oaxaca, cerros de

Cuicallan, 650 m. elev., Conzatti 3423 (si); Oaxaca Valley, C. L. Smith 341

(ny); Puebla, Tehuacan, Paray 294, Michoacan, San Jose, Rzedowski 16653,

Hildalgo, Tasquillo, Gonzalez Q. 2634 (encb); Guanajuato, Silao, Crutchfield

& Johnston 5941-AB (tex)
; Aguascalientes, C. D. Johnson 50-68 (mo).

Uses. Esteemed as a shade tree; cultivated in the central depression of

Chiapas (according to Johnston, 1962, p. 79) ; legumes edible and of value

as fodder.

Prosopis laevigata var. andicola Burkart, var. nov.

Differt imprimis ramis spinisque validioribus, ramulis valde flexuosis

spinis usque ad 4-9 cm. longis X S-6 mm. diametro, foliolis majoribus,

legumine crassiori. Frutices 1-3 m. alti, rarius arborei, folia unijuga, fo-

liola ca. 24 paria per pinna, racemi 10 cm. longi, legumina subfalcata

linearia 15-20 cm. longa X 1.2-1.4 cm. lata compressa multiseminata.

Typus varietatis: Peru, Cuzco, Prov. Calca, Hacienda Urco, Cesar

Vargas C. 709, floribus fructibusque ornatus, Januar, 1938 (si).

Shrubs of 1-3 m. or more, rarely trees to 5-8 m. tall, glabrous; twigs

strong, very flexuous; spines geminate, axillary, the most developed 4-9

cm. long X 5-6 mm. broad at base. Leaves unijugate; petiole 0.2-3 cm.
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long; pinnae 5-9 cm. long, with ca. 16 to 24 pairs of leaflets, these sub-

coriaceous linear-oblong, obtuse to subacute, reticulate-veined, 5-12 mm.

long X 1 5-^2 2 mm. broad, approximate, nearly touching or less distant

than their own width. Racemes 6-10 cm. long, the rachis puberulous;

florets glabrous outside. Legume subfalcate, 7-20 cm. long X ^•^"^•'* ^"^•

broad, compressed; margins shallowly undulate to nearly parallel; tran-

section rectangular; exocarp brown-violet.

Common names. Algarrobo (Spanish); thako (Quechua).

Observations A montane type of a variable, subxerophilous, Mexican

.ecies, at medium elevations (1900-2900 m.). Formerly sometimes cited

Prosopis dulcis Kunth or P. juliflora (Sw.) DC. Distribution: from

southern Peru through the Bolivian Andes to the extreme northwestern

corner of Argentina (Jujuy).
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Material examined. Peru: Cuzco, Calca, Hacienda Urco, C. Vargas C. 709

(si, type); Arequipa, Tiabaya, rocky slopes 2000-2100 m. elev.. Pennell 13062,

with mature legumes, 8 IV 1925 (gh, ny). Bolivia: Cochabamba, Cerro de

Arani, 2600 m. elev., Martin Cardenas 3647, flowering. HI 1944 (gh, lil, si);

Cochabamba, 2600 m. elev., 0. Kuntze, HI 1892, sub. P. juliflora (ny); Tarija,

Prov. Cercado Tarija, 1900 m. elev.. T. Meyer 17965, fruct., I 1953 (lil, si);

Sorata, Prov. Larecaja, San Pedro, 2650 m. elev., Mandon 758 (ny); Tarija,

Pinos, Fiebrig 2492 (si); Cotaiia am IlUmani, Biichtien 280 (ny). Argentina:

Prov. Jujuy, Tilcara, Krapovickas & Cristobal 17593, fl. and fruct., 8 I 1971

(si); Huacalera. quebrada a 2700 m. s.m.. Cabrera 12076 (si).

39. Prosopis flexuosa DC. Prodr. 2: 447. 1825; Burkart, Las Legu-

minosas Argentinas, silvestres y cultivadas. ed. 2. 131. 1952;

Burkart, Leguminosae in Cabrera, FL Prov. Buenos Aires 3: 429.

1967; Clos in Gay, Fl. Chilena 2: 248. 1846.

Acacia flexuosa Lagasca, Gen. Sp. 16. 1816 (non A. flexuosa Humboldt &
Bonpland ex Willdenow, Sp. PI. 4: 1082. 1805).

Prosopis juliflora (Sw.) DC. forma arborea L. Hauman, Anal. Mus. Nac.

Buenos Aires 24: 391. 1913.

Prosopis jruticosa F. J. F. Meyen, Reise urn die Erde . . . 1830-1832 1:

376, in obs. Berlin. 1834; Vogel, Leguminosae in Meyenii Obs. Bot.. Nova
Acta Acad. Leop.-Carol. Suppl. 2: 44. 1843.

Trees or large, erect, polypodia! shrubs, 3-10 m. tall; hemispherical

top with ultimate branchlets bent down, pendulous, fiexuous and knotty

in age; spines axillary, geminate, commonly small or absent but sometimes,

on strong shoots, robust and to 3-4 cm. long; foliage light, deciduous,

ample. Leaves uni- to trijugate, glabrous or scarcely puberulous; petiole

(plus rachis when extant) 0.6-7.5 cm. long; pinnae 5-13 cm. long; leaf-

lets linear, opposite, distant and medium-sized, 12 to 29 pairs per pinna,

the distance between them on the rachis more than their own width or

mostly several times larger, obtuse to subacute, cuneate or parallel-mar-

gined, 4-15 mm. long X 1-2 mm. broad, subcoriaceous, uninerved below

or secondary veins slightly visible. Racemes spiciform, 4-14 cm. long,

with ca. 200 flowers each, densiflorous and similar to those of related

species, as are the florets. Legume nearly straight or subfalcate, 5-28

cm. long X 0.7-1.2 cm. broad, thick, subcompressed, submoniliform (mar-

gins undulate), straw-yellow, tinged with violet to nearly black-violet;

joints subquadrate-rotund, hard, closed; pulp sweet, more or less devel-

DisTRiBUTioN. Northern Chile (Atacama, Coquimbo) and Argentina,

very common in the arid regions of the west, from Tucuman and Cata-

marca, through La Rioja, western Cordoba, San Juan, San Luis, and Men-
doza, to La Pampa, Rio Negro, and western Buenos Aires provinces.

This area characterizes the species as a typical "Monte" tree, of much
importance in the formation of open-desert forests along temporary rivers,

Wiih' Larrea div. sp. (Zygophyllaceae), Cactaceae, etc. The species is

found at elevations of 2200 m. in valleys of the Andes.
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Common names. Algarrobo, algarrobo duke, algarrobo negro, algarrobo
amarilln. panta negro, arbol negro, lamar, lamaro (Argentina); algarro-
ba (Chile).

Obsp.rv.ations. C^hemical data on flavonoid content, obtained by Car-
man, indicate a close affinity of Prosopis flcxuosa with other Argentine
species of the same section (sect. Alg.akobia), e.g.. P. caldcnia and P.

nigra, but strong differences from the North American species /'. juliflora

blanca, R. Wagaiknecld. IX 1940. Univ. Calif. Aiide.« K.xjHf!

Coquimho. Lonscr 4J.U. 4336. 4337. 44S2 (sri. Ar^

Dcpt. Tafi. Colalao del Vallc. Ruiz Leal ll^^U) (sn ('\[^^

Schiih 7328 rsi); Helen. Sayago 1480. NSl. ISC'k l^'r'\ /-'

Andalgala 1200 m. elev.. Parodi 14253 ('sn; AiuialL'ala. Ki

(gh, SI); Belcn. llibarrl 583, 589 (si); Amhato. li \ ua'l,

Andalgala, Joergensen 1340 (si) ; Capital, Choya. Cd>,tiU6

La Rioja: Telle, Ruiz Leal 17199 (si); Ileal cerca de Olta,

(ba 33666. SI); Gral. Sarmicnto, Cienaguita, Rio Boncte, J

D. L. AmU•rson 1530 (si); X'illa Unio

(tex); JagiJel a Cortaderas. Lorentz

Covas 1333 (XY); Oral. Lavalie. \illa I

Loc. (?), A . P. Rodrigo dot. (LP. SI);

19539 (SI). ME.N-nozA; Dcpt Lavalle.

14539 {%U- La Paz. Ruiz Leal 23357 i.^1

5?acufian R,

SAxLr.s. 1;M.l.^'ringles. Trapiche. Roi

' 10701 (SI). Anderson 145

f

Fraga. ¥. Pastore 2072 (on); Bajode t

(CORDJ. U6.<0()nA : San Javier. Sayago 14

Villa Dolores a Chancani. .

PAMpl:'parque Luro entre Santa Rosa \

& Xicora 7<J49 (SI); Epupel. 5o//;n^ 17<

sij; hetweciI Telen and Colonia La Pas

Rio Negro: De Carav a Chocle-Choel.

Adolfo Alsin a. Cabrera & Fabris 14808.

4175, \-illari no. Cabrera & fabris 1642

Prosopis flexuosa forma subinermis Burkart. forma nova.

.\rbor spinis fere totus destitutus.

ic ty|)c) glauoous-reddi.sh,

fi. Arnaicha del Valle. Bur-

tlmI. iTitrc La lAa y Soro-

BrE..\<is .\iKKs. San Isidro,

12735. 25587. 28239 (si).
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Observations. Prosopis fiexuosa DC. is a variable species but well

delimited. From P. chilensis it dii^ers in its shorter leaflets, the smaller

size of the tree, and the submoniliform legume; from P. nigra it differs

in its longer and more distant leaflets; from P. alba it varies in its obtuse,

more distant and less numerous leaflets and the submoniliform legume;

and from P. alpataco it varies mainly in its tree habit.

Prosopis flexuosa shows affinity with the vicarious P. laevigata, P. velu-

tina, and P. glandulosa in western North America. Again the main differ-

ences are found in the leaflets, which in the latter three species are more

approximate on the rachis, or pubescent, or larger, respectively, than in

P. flexuosa, as well as in legume differences and variation in other minor

characters.

Nomenclaturally Prosopis fiexuosa has to be considered as a species

founded by De CandoUe and not as a combination based on Lagasca's

Acacia fiexuosa, which, in spite of being based on the same plant, was a

later homonym preoccupied by Acacia fiexuosa Humboldt & Bonpland

ex Willdenow.

Prosopis jruticosa Meyen is included here in the synonymy of P. fiex-

uosa DC. for the first time. It is impossible to find any significant dif-

ference between them. Topotype material of Meyen's species (from Co-

piapo, Chile) has been examined.

Uses. As in similar species, an important tree for shade, timber, fire-

wood, food, and forage in semidesert conditions such as the Monte
formation, where rainfall ranges from 50 mm. to 100 mm. per year.

40. Prosopis glandulosa Torrey, Ann. Lyceum Nat. Hist. New York

2: 192. pi. 2. 1827; Cocks, Leguminosae of Louisiana, Bull. Nat.

Hist. Surv. Louisiana State Mus. 1: 1-26. illustr. New Orleans.

1910; Johnston, Brittonia 14: 82. 1962; Isely, Madrorio 21: 290.

1972.

Algarobia glandulosa (Torrey) Cooper, "The Mezquite Bean" in The Scientific

Press. San Francisco, Calif. 4 Nov. 187 L
Prosopis juUflora (Swartz) DC. var. glandulosa (Torrey) Cockerell, Bull.

Agr. Exp. Sta. New Mexico 15: 58. 1895; Jepson, Flora of California 2:

239. 1936; Benson, Am. Jour. Bot. 28: 752. 1941; Standley, Contr. U. S.

Natl. Herb. 23(2): 353. 1922.

Prosopis juliflora (Swartz) DC. var. constricta Sargent. Trees & Shrubs 2:

249. pi. 193. 1913.

Prosopis chilensis (Molina) Stuntz var. glandulosa (Torrey) Standley. Contr.

U. S. Natl. Herb. 23(5): 1658. 1926.

Neltiima glandulosa (Torrey) Britton & Rose, N. Am. Fl. 23(3): 186. 1928.

Neltuma constricta (Sargent) Britton & Rose, Ibid.

Neltitma neomexicana Britton, Ibid, teste Isely, Madrorio 21: 292. 1972;

Benson, Am. Jour. Bot. 28: 752. 1941.

Illustrations. C. S. Sargent, Silva N. Am. 3: 101 (text, in part).

tab 136, 137. New York, 1947. (sub P. juliflora) ; Svenson, Am. Jour. Bot.

33:453./'/.^,;?^. 2. 1946.
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Tall shrub or tree of 3-9 m.; foliage deciduous; spines axillary, unino-

dal, 1-4.5 cm. long, mostly solitary, sometimes very few, or solitary and

geminate alternately on different nodes of the same twig. Leaves gla-

brous, uni- or bijugate; petiole (with rachis when extant) 2-15 cm. long;

pinnae 6-17 cm. long; leaflets 6 to 17 pairs, ca. 7-18 mm. distant on

the rachis, linear or oblong, obtuse, glabrous, subcoriaceous, prominently

veined below, costa frequently of lighter color, (1. 5-) 2-6.3 cm. long X
1.5-4.5 mm. broad, 5 to 15 times as long as broad. Racemes spiciform

as usual, ca. 5-14 cm. long, multiflorous; petals 2.5-3.5 mm. long; ovary

stipitate, villous. Legume straight, 8-20 cm. long X 0.7-1.3 cm. broad,

rarely subfalcate, compressed to subterete, submoniliform, glabrous, straw-

yellow or tinged with violet, short-stiped, with strong, short, or elongate

acumen, ca. 5-18-seeded; joints subquadrate to oval; seeds obhque to

longitudinal.

Distribution. Southwestern United States and Mexico.

Common names. Honey mesquite; mesquite. In India: bilayati kikar

(Punjab).

Selected material examined. U.S.A. California: Inyo Co., Furnace Range,

Train 653 (si). Oklahoma: Major Co., Goodman & Waterjail 4212 (ny);

Woods Co.. 5. Stephens 21639 (ny), G. W. Stevens 580 (mo); Wichita Moun-

tain, Rabbins 2854 (ny); Cimarron Co., Kenton, Rogers 5936 (us). Kansas:

Stokes Hill, L. F. W ., 15 IX 1897 (us); Comanche Co., R. S. Kellogg, 21 VII

1903 (us). Nevada: Las Vegas, Arsene 18892 (r). New Mexico: Dog

Springs, Mearns 2325 (ny, type of ^eltuma neomexicana)- Logan, Batley 498,

499 (us)- Western Plains to EI Paso, Wright 155 (us); Socorro Co., Truth,

B. Vogel, 8 VI 1962 (colo). Texas: Lindheimer 11-233, III-382 (mo, us);

M. A. Carleton, 1891 (si 5472, us); Laredo, Heddle 2794 (si), Lundell 13801

(us), Guerra et al. 613, Botello & Ayala 32, Ramos & Murillo 96 (coLo);

Reeves Co., Pecos City, H. Eggert, 5 VII 1900 (mo); Hood Co Granbury,

E. J. Palmer 6514 (mo); Taylor Co., NW of Abilene, Mahler 3619 (mo); Gray-

son Co Denison, E. J. Palmer 14274 (mo); Dallas, Stephenson 240, Rever-

chon 4331 (us), Lundell & Lundell 85 (us), 8571 (tex); Presidio Co., Hinckley

Pecos Co., Cory 51939 (us), Tharp 43610 (si, vs\J3660^-^-

Childvess, Coville 1851 (us); Brownsvil Barber (us); H. S. Gentry

6683 (us); Tom Green Co., Tweedy 87 (us); Austin, Tharp 8520 (us
,

^t.,.^1.., A P.th 16 rsi): Calhoun Co., Port Lavaca, Cory 51122 (us),

Johnston 54542.

54360 (coLo) ; Laredo,

Standley, A. Ruth 16 (si); Calhoun Co.

Fisher 41081 (lil, si) ; Willacy Co.,
"

Stiiessy 150 (tex); Kleberg Co., M

77 (TEX)- Uvalde Co., Johnston & Midler 2 (tex): Texas, without further

locality, Ledingham 466 (ny). Mexico: Coahuila. Saltillo, h. Vabne, t, iv^<^)

SaltiUo, road to Torreon, 5. S. White 1668 (si.; Coahuila. Gentry et «
;

^^'^J'

Rose & Hay 5250 (us), Wynd 741 (us): Coahuila. ^^b^'^^^'
j^' ^

.,^{'^'' „.^"

5886 (MEXU); Tamaulipas, Goldman 729 '^'^^ '^
'^ p^ f .,7) t^ia/L

kinson 11 VTI 1885 (us)- Vera Cruz, Pueblo \ lejo, E. Palmer 5:>0. pro parte
nmson, ll vii las^ ^.us;, vc

V.-pvo Leon S of Monterrey,
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(ny). South Arabia: Aden, Mearns 9 (us). Burma: Mandalay, cultivated,

0. E. White 388 (uc, us). India: Punjab, salt range, Camp Kusah, Bis Ram
838 (gh). Pakistan: Karachi University, cultivated, 5. M. Ashra Fridi 80 (mo).

Australia: Queensland, Darling Downs District, Yandilla, S. L. Everist, 28 V
1953 (gh, us).

Uses. Similar to those of related species; according to Howes (Vegetable

Gums and Resins 65. fig. 11. 1949 (sub P. juliflora)), the most impor-

tant gum-producing plant in North America.

Prosopis glandulosa var. torreyana (Benson) Johnston, Brittonia 14:

82. 1962; Isely, Madrono 21: 293. 1972.

Prosopis jiiliflora (Sw.) DC. var. torreyana Benson, Am. Jour. Bot. 28: 751.

fig. 4. 1941.

General habit like that of var. glandulosa; spines equal solitary or

paired on the same branchlet; flowering twigs often without spines.

Leaves glabrous, unijugate, rarely bijugate; petiole (including rachis

when extant) 1-8 cm. long; pinnae elongate, 8 to 24 pairs, 5-8 mm. distant

on the rachis, but often less than in the type variety; leaflets linear, mu-

cronulate, glabrous, 0.7-2.5 cm. long (mostly l.S-2.5 cm.) X 1.5-6 mm.
broad, 5 to 9 times as long as broad, prominently veined below. Racemes
and flowers as usual; rachis to 12 cm. long. Legume straight, compressed,

thickly submoniliform or subtorulose, 7-18 cm. long X 0.7-1.1 cm. broad,

glabrous, yellow, often violet-tinged; seeds oval, 6-7 mm. long.

Distribution. Southwestern United States, IMexico. See discussions

by Johnston (1962) and Isely (1972), cited above.

Common names. Western honey mesquite; mesquite.

Material examined. United States. Nevada: Clark Co., Lees Canyon,
Balls & Straw 19298 (lil); Nevada, without further locality, Clokey 8396
(lil, mo). California: S. Bernardino Co., Munz 15552; Imperial Co., Colora-

do Desert, Johansen & Ewan 7135 (si); Death Valley, Solbrig 2304 (si).

Arizona; Apache Junction. Gillespie 8441, Mohave Co., Vulcans Throne, Cot-

tam 13017. Yuma, E. 0. Wooton, fl., 21 IV 1913, Chiricahua Mts., Blumer
1255, Cochise Co., Portal, Eggleston 10958 (colo). Arizona: Coconino Co.,

Clover 5085 (si). New Mexico: 34 miles E of Engle, Cutler 2018 (mo, si).

Texas: Presidio Co., Hinckley 1476. Cory 53581 (si); Rio Grande, 6 miles E
of Castolon, Brewster Co., Cutler 1874 (si), Thompson 52-225 (lil); Pecos

Co., Fort Stockton, Cory 51939 (si). Mexico: Baja California, Wiggins & Gil-

lespie 4051, Cabo S. Lucas, Shreve 7259, La Ventana a S. Antonio, Carter 2642
(us); Vera Cruz, Pueblo Viejo, E. Palmer 550, pro parte (us); Coahuila, La
Ventana, Nelson 3931 (us); Sonora, Las Bocas, coastal, sandy flat xerophytic

tree-cactus forest, Solbrig 4402 & Ornduff (si).

Prosopis glandulosa var. prostrata Burkart, var. nov.

A var. glandulosa differt solummodo habitu prostrato, caulibus subter-

raneis horizontalibus validis longaevis, ramis aereis prostratis, baud vel

rarius tarda arboreis.
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Typus varietatis: Texas, Kleberg County, western part of Laureles

Division of King Ranch, black clay, prairie with much "running mesquite,"
M. C. Johnston 54359, fl., 15 IV 1954 (cold).

Similar to var. glandulosa, but prostrate with strong underground,

horizontal branches; aerial branching prostrate, never or only seldom and
slowly becoming arborescent; spines seen 0.7-2 cm. long; solitary twigs

reddish. Leaves unijugate, as in var. glandulosa.

Common names. Running mesquite; in Spanish (Mexico), mesquite

rastrero.

Distribution. U.S.A. (Texas); Mexico (Tamaulipas).

Observations. Already well characterized, but not described, by M. C.

Johnston in his important paper on North American Algarobiae (Brit-

tonia 14: 76, 77. 1962). A parallel variation exists in Prosopis laevigata,

according to Johnston, but I have not seen such material.

This is an impressive case of an arborescent versus shrubby habit in

very closely related species, exemplified in South America by the similar,

vicarious species-pair Prosopis flexuosa (arboreous) and P. alpataco

(shrubby).

In the specimen H. von Schrenk 45 (mo), from Marathon, Brewster

Co., Texas, of var. glandulosa, there are visible transitions between the

normal axillary spines and lateral shoots, as I found earlier in Argentine

species of sect. Algarobia, ser. Chilenses (Burkart, Darwiniana, 1937).

41. Prosopis alpataco R. A. Philippi, Sertum Mendocinum, Anal. Univ.

Chile 21: 394. 1862; Philippi, Linnaea 33: 62. 1864; Burkart, Dar-

winiana 4: 108. pi. 23. 1940; Burkart, in Cabrera, Fl. Prov. Buenos

Aires 3: 430. jig. 134, A-B. 1967.

Prosopis stenoloba Philippi, Catal, praev. plant. Tarapaca, Anal. Mus. Nac.

Chile, 2nd. sect. Hot. 20. 1891.

Prosopis juliflora (Swartz) DC. forma fruticosa Hauman, Anal. Mus. Nac.

Buenos Aires 24: 391. 1913.

Prosopis alba Grisebach forma fruticosa (Hauman) Monticelh, Lilloa 3: 347.

Shrub, spiny, glabrous, 20 cm.-3 m. tall; aerial shoots commonly thin,

erect, flexuous, dispersed over a round surface up to 10 m. in diameter,

starting from thick, horizontal, subterranean branches which ('
-"-

velop adventitious roots but spread from a central, primary,

phic, vertical tap root; spines axillary, geminate, uninodal, 0.3-6 cm. long,

sometimes solitary or members of an unlike pair (one spine smaller).

Leaves uni- to rarely bijugate, lax, deciduous; petiole (including rachis

when extant) 0.7-9.5 cm. long; pinnae 3-14 cm. long, often arched when

dry; leaflets linear, distant, 9-17(-25) pairs per pinna, opposite, mostly

glabrous, obtuse or subacute, 0.5-1.7(-3) cm. long (1-1.1 cm. m the type

specimen) X 0.9-1 .5 (-3.5) mm. broad, subcoriaceous; veins little de-
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veloped below. Racemes dense, ca. 6-14 cm. long; peduncle short. Le-
gume linear, compressed, straight, subfalcate or rarely subannular or S-
shaped, with parallel sutures, or undulate and submoniliform; stipe and
acumen very short, straw-yellow in the typical form but frequently vio-

let-tinged, 7-17 cm. long X 0.6-1.2 cm. broad X ca. 0.5 cm. thick; pulp
scarce, bitter or sometimes sweet; endocarp articles 8 to 18, indehiscent,
hard, subquadrate to ovoid, ca. 8.5-11 mm. long X 9-10 mm. broad.

Distribution. West-central Argentina, especially in the arid so-called
''Monte" Province, characterized by Larrea species.

Common name. Alpataco, from the Indian alpa (earth) and taku (carob
tree), indicating the subterranean growth of the main branches; some-
times lamaro (San Juan, Mendoza), used more often for P. flexuosa.

New material examined. Argentina. La Rioja: Rosario vera Penaloza,
Ptccinini & Leguizamon 1710 (bab, si), Salinas de Macasin, Sayago 2428 (si).
San Juan: Calingasta, La Isia, Mireya Vila 6, Angaco Sud, / C Tinto Herb
Forestal 2011 (si); S. Juan a Calingasta, Sayago 2440 (si); Dept. Iglesia, /. H.

^n [
^

^S-'"'''
^^^^' '^^^^' ^'^^-^' '^^^^ ^si); Camino S. Juan a Mendoza,

Media Agua, Ntcora 4297 (si). Mendoza: Cerro de la Gloria Mexia 4374
(GH, Mo); Lujan de Cuyo, Semper 133 (ny). Biloni M-105 (si)- Maipu me-
danos Ruiz Leal 9930 (si), Bartlett 19360 (gh); Las Heras, Semper 214 (ny);
Uspallata, Covas 15060, 15108 (si); Borbollon, /. H. Hunziker 3159 (bab, si),
rapovickas & Cnstobal 14606 (ctes, si); Rio Atuel, Kurtz 7448 (cord! r);

Rivadavia, Rmz Leal 10592 (si); San Rafael. El Cerrito, Bartlett 19445 (gh);
\ olcan Diamante, Rmz Leal 17006 (si), Martinez Crovetto & Piccinini 6269

Boelcke et al. 15524 (bab, si); La Paz, Ruiz Leal 9451, 11825 (si);
Dept. Lavalle, Ruiz Leal 1 Malargue, Ancibor, Cano, & C

H.r' T
' '?' T^'^'r

''''''''''' ^ ""''''' 14144-14146 (lil, si); Las

wi Wrf { r ^''^ ^^^' ^"^">' ^^"^«^^' without further locality,
5m/>erJJ9 NY). Neuquen: Plaza Huincul, Cabrera 11006, 11059 (lp, si);
An_elo, i/..e//. iO, 12_ (si); Buta Ranquil, 1100 m. elev., Ruiz Leal 22391(sJ)]

Cordoba: General Roca, Huinca Ren
Confluencia. O'Donell 1874 >

""600^' l^.r^'^t' ^T ^''^= ^'""'^ ^°'^^' ^"'^ Huidobro. CanadT"Ve"rd'e;7^A«/z
6005 (LIL). San Luis: sierra, A. T. Hunziker 9304 (si)- Nueva Escocia me-

UPampT T
•'

'''m I"?;
''" '^"•^' "^^h°"^ ^"^^her locality, Covas 1087 (ny).
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Figure 12. Prosopis.

old and probably a reli(

Pueyrredon, barranca <
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f the primitive forest. This tree, growing in the Quinta

San Isidro, Prov. Buenos Aires, Argentina, has been

was under this tree that the generals San

ferred in 1816 to formulate a plan for liberating

I newspaper La Prensa of Buenos Aires, March 26,

Observations. Prosopis alpataco is a widespread and characteristic

endemic in western Argentina, mainly recognizable by its shrubby habit

with underground branches, otherwise very close to P. flexuosa DC, which

grows in the same Monte region, but is arboreal. Prosopis alpataco is

somewhat variable in its fruit and foliage, but it does not seem rewarding

to distinguish varieties.

C. Muiioz Pizarro, Syn. FI. Chile 153. pi. 133. 1959, mentions Prosopis

alpataco from northern Chile, giving a good illustration. I venture to think
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that this material is P. flexuosa DC. (formerly described from that region

as P. jmticosa IMeyen).

Some large-leaved forms of Prosopis alpataco show great similarity

with P. glandulosa from western North America, but with herbarium

material it is difficult to ascertain identity in habit and fruit characters,

which seem to mark the differences. This similarity is the reason why
authors repeatedly cited P. juliflora for both regions; see P. C. Standley,

Jour. Washington Acad. Sci. 6: 239. 1916, where P. juliflora is mentioned

doubtfully for Rio Negro, Argentina, and is compared with P. glandulosa

Torrey from New Mexico.

42. Prosopis alba Grisebach, Plantae Lorentzianae in Abh. Kon. Ges.

Wiss. Gottingen 19: 83. 1874; Grisebach, Symb. Fl. Arg. Ibid.

24: 118. 1879; Hieronymus, Icones et Descript. Plant. R. Argent.,

Actas Acad. Ci. Cordoba 2(1): 5. pi. 1. 1886; Burkart, Darwin-

iana 4: 119. fig. 14, pi. 19. 1940; Burkart, Las Leguminosas Ar-

gentinas, silvestres y cultivadas. ed. 2. 132 et passim. 1952; Torto-

relli, Maderas y Bosques Argentines 392. Buenos Aires. 1956;

Burkart in Cabrera, Fl. Prov. Buenos Aires 3: 429. 1967.

Prosopis siliquastrnm (Cav.) DC. var. longisiliqtm Philippi, Catalog, praev.

plant. Tarapaca, Anal. Mus. Nac. Chile, 2nd sect. Bot. 20. 1891.

Prosopis atacamensis Philippi, Anal. Univ. Santiago (Chile) 84: 444. 1894;

Burkart, Darwiniana 4: 119. 1940.

Tree 5-15 m. tall, in age the short trunk possibly reaching 1 m. in

diameter; treetop rounded; branchlets drooping; spines scarce and small,

only on strong shoots, 2-4 cm. long, geminate. Leaves rather large, uni-

te trijugate, glabrous; petiole (including the rachis) 0.5-8 cm. long; pin-

nae 6-14 cm. long, with 25 to 50 pairs of leaflets, these linear, acute or

subacute, in sonie forms nearly obtuse, 0.5-1.7 cm. long X 1-2 mm.
broad, scarcely "nerved below, approximate, 1.5-6 mm. between pairs.

Racemes spikelike as in similar species, 7-11 cm. long; florets greenish-

white to yellowish, small; calyx 1 mm. long, puberulous; corolla 3-3.2

mm.; stamens 4.5 mm.; pistil 5 mm. long. Legume falcate to ring-shaped
(ring ca. 7 cm. in diameter), linear, compressed with parallel margins,

straw-yellow, stipitate and acuminate, 12-25 cm. long X 11-20 mm.
broad X 4-5 mm. thick, with 12 to 30 subquadrate endocarp segments
broader than long, ca. 0.6 X 1 cm.

Uruguay, Paraguay,

Common names. Algarrobo bianco; igope or ibope-para (Guarani).

New material examined. Bolivia: La Paz, Rio Abajo, Buchtien 3187. 2700
m. elev. (ny). Argentina, JujUY: Yuto, Carmelich, Devoto, & Rial Alberti,

Herb. Forestal 584 (si) ; San Pedro, Devoto & Rial Alberti, Herb. Forestal 565
(si). Salta: Saucelito, Ragonese & Cozzo, Herb. Forestal 2630; Jaquiasme,
Devoto & Rial Alberti, Herb. Forestal 1137, 1143 (si); El Fraile a Alemania,
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ScJmlz 11480, Hickmann, Pozo El Milagro, Marunak et al. 544 (sr) ; Rosario
de la Frontera, Burkart 20371 (si); Dept. S. Carlos, Angastaco, Krapovkkas &
Cristobal 20640 (si)

; Ruta 9, Rio Juramento, T. Meyer 22644 (si) ; Curtiembre
a Pena de Testa, 1300 m. elev., Meyer & Legname 23137 (lil, ny). Santiago
DEL EsTERO: Dept. Robles, Beltran, Maldonado 476, B. Vuilleumier 1031-1,
Beltran, B. Vuilleumier 1031-5 (si); Colonia Gimenez, Lima 1387 (lil);

Capital, T. Meyer 6883 (gh); La Banda, Garcia 815 (uc); Parque Aguirre,
Lopez 1 (si). Cordoba: Dept. Rio Seco, Villa Candelaria, Sayago 54; Cala-
muchita, Sayago 3674, 3675 (si) ; Capital, Bdez 29, Observatorio, /. H. Hunziker
2648 (si); Dept. Rio I., La Posta, Sayago 1706 (si); San Justo, Vacas Blancas,
Sayago 3635-37 (si)

; S. Francisco del Chaiiar, Balegno 333 (ny) ; Villa Maria,
B. S. Simpson 1039 (gh, si, tex). San Luis: Quines, /. R. Bdez, I 1941,

Aguada de Pueyrredon, Bdez 17 (si); Bajo de Velis, Kiirtz 8450 (r). For-
mosa: E. del Campo, Maradona 2, 51 (si); Dept. Patirio, Palacios 314, 315,

317, 323, 329, 330, 464, 488 (si); Pirane, Morel 327 (si); Mojon de Fierro,

Krapovickas 1088 (si); Formosa, without further locality, Rojas 12258 (ny).

Chaco: Resistencia y Colonia Benitez, Schulz 1339, 1346, 11320 (si), Mar-
tinez et al. (baa 9418, 9596). Santa Fe: Vera, Burkart 5929; Videla, Courault

& Ragojiese 2074, Malabrigo, Burkart 5928, 5936, Reconquista, Burkart 5932
(si). Corrientes: Dept. Saladas, Rio S. Lorenzo, Schwarz 9095 (si); Empedra-
do, Pedersen 3051 (ny). Entre Rios: Parana, T. Meyer 10028 (lil); La Paz,

Burkart et al. 23355 (si)
; Victoria, barrancas, Burkart 8603, 8672, 17719, 17673,

17686 (si). Buenos Aires: Partido Baradero, Alsina, Krapovickas 3311 (lil,

si, sp). Uruguay: Montevideo, cultivated(?), Fruchard. X 1876 (ny).

Prosopis alba var. panta Grisebach, Symb. FL Arg. in Abh. Kon. Ges.

Wiss. Gottingen 24: 118. 1879; Burkart, Darwiniana 4: 121. lam.

20. 1940.

Prosopis panta (Grisebach) Hieronymus, Bol. Acad. Nac. Ci. Cordoba 4: 284.

Prosopis alba var. panta is distinguished from var. alba mainly by the

nearly straight legumes, but there is a marked variation in foliage, so

that with better studies another variety may be established, characterized

by larger and more obtuse leaflets, reddish branchlets and sometimes very

large legumes. This form predominates in northwestern Argentina and

enters southern Bolivia; in the eastern Gran Chaco and Paraguay a form

with smaller leaflets is common.
Legumes up to 30 cm. long X 1-8 cm. broad, fleshy, sweet, of the best

kind for food or forage.

Common names. Algarrobo panta; algarrobo impanta.

Material examined. Peru: Dept. Huancavelica, Prov. Tayacaja, Mayocc,

Tovar 4835 (si). Bolivia: Tarija, Cercado, 1900 m. elev., T. Meyer 17964 (lil,

sr). Tarija a Padcaya. 2000 m. elev.. Meyer, Legname & Cuezzo 22960, 22962

(lil); Songo, Bang 823 (ny, mo); Bolivia, loc(?), Weddell 1848, Bois no.

VIII, Catal. 4814 (p, si). Argentina: Jujuy: Yuto, Carmelich & Rial Alberti,

Herb. Forestal 580 (si). Salta: Lomas de Olmedo, Devoto & Rial Alberti 2367

(si); La Zorra, Carmelich et al. 1012; Montealto, Oran, Rodriguez 1152 (si);

Coronel Moldes, T. Meyer 3548 (gh, uc); Hickmann. Pozo El Milagro. Maru-
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mk et al. 547, Coronel Coxne]o.Manmak et al. 581 (si); Valle de Lerma. Cer-
rillos, Parodi 13521 (si). Tucuman: Tiopunco, 2000 m. elev.. R. Schreiter
(lil 54713/14 in si, form with blackish pods called "panta negra"). Cordo-
ba: Dept. San Justo, Marull, Sayago 1691 (si); San Luis, Quines, J. R. Bdez,
I 1941 (SI 26984). Chaco: Colonia Benitez near Resistencia. A. G. Schulz
1340-1344, 1347 (si). Corrientes: Dept. Concepcion, Cano & Cdmara 751
(baa), Cam 2131 (bab)

; San Luis del Palmar, Qmrin et al. 537 (encb. si);

Mburucuya, Pedersen 1412 (mo). Sante Fe: northern part, Vera and Mala-
brigo, Burkart 5904, 5930, 5937 (si). Entre Rios : Parana. Parque San Mar-
tin, Bdez 7, 8, Doello Jurado, IV 1939 (ba 32039, si). Paraguay: Sector Puerto
Casado, Km. 160, Rojas 8452 (si); Sector Lopez de Filippis, Chaco

i

Rojas 8407, 8314a, 8418, 8437 (si).

USEI very important tree in arid lands, similar in value to Prosopis
chilensis, P. nigra, or P. pallida. In northeastern Argentina native people
frequently call it "el arbol," the tree, because of its usefulness and abun-
dance. It is cultivated to a limited extent. (For Argentina, see Burkart,
Las Leguminosas Argentinas, silvestres y cultivadas. ed. 2. 135. 1952
(Ing. Castaiieda Vega in the plains of Prov. Cordoba); for northern
Chile, see H. Medina, Rev. Arg. Agron. 8: 25-48. 1941.) In the Chaco
It furnishes timber of high value for construction, doors, premanufac-
tured houses, etc. Trees with straight trunks 8 to 10 m. tall occur, but
these are becoming extremely rare, from being cut in preference to the
other shorter ones. Thus a negative, artificial selection is taking place,
which shoud be counteracted by genetic up-building of the best lines in
experimental plots. (Information on uses in the Chaco was furnished
by Dr. Augusto C. Schulz, Colonia Benitez, Chaco).

43. Prosopis velutina Wooton, Bull. Torrey Bot. Club 25: 456. 1898;
Johnston, Brittonia 14: 86. 1962; Isely, Madrofio 21: 295. 1972.

Prosopis juliflora (Sw.) DC. var. velutina (Wooton) Sargent. Silva N. Am.

r. u -.i?^s'
St^"dl^y' Trees and Shrubs of Mexico, Contr. U. S. Natl.

Herb. 23(2): 353. 1922; Benson, Am. Jour. Bot. 28: 750. 1941.
Prosopis chilensis (Mol.) Stuntz var. velutitia (Wooton) Standley, Additions
and Corrections, Trees and Shrubs of Mexico, Contr. U. S. Natl. Herb.
23(5): 1658. 1926.

Neltuma velutina (Wooton) Britton & Rose, N. Am. Fl. 23(3): 186. 1928.

Tree up to 15 m. high; trunk short; spines axillary, geminate, 1-2 cm.
long, all vegetative parts more or less pubescent. Leaves uni- to bi- (or
tri-) jugate, puberulous; petiole plus rachis, when extant, 0.6-6 cm. long
X 0.8-1.2 mm. in diameter; pinnae 2-9 cm. long; leaflets oblong, pubes-
cent, ciholate, 12 to 30 pairs per pinna, approximate, obtuse, nervate be-
low, coriaceous, 4-13 mm. long x 2-4 mm. broad (3.5 to 4 times as
long as broad). Racemes spikelike, 5-15 cm. long; florets short-pedicelled,
somewhat pubescent outside, especially on the calyx- petals 2 5 mm long,
the tip villous within. Legume linear, 8-16 cm. long X 6-10 mm. broad,
flattened, straight or falcate; margins shallowly undulate, the stipe 2-10
mm., the beak 2-11 mm. long, legume "very velutinous when young and
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pubescent even in age"; endocarp segments ca. 10 to 17, ovoid-subquad-

rate, about as long as broad; seeds ovate, 5-7 mm. long; sometimes the

legume smaller, compressed-moniliform, and reddish, in what may be a

variety or a P. articulata introgression {White 402, gh).

Distribution. Mexico, NW states (Sonora) ; rare in neighboring United

States (Arizona).

Common names. Velvet mesquite; mesquite.

Material examined. Mexico: Sonora, Mexican Boundary Survey 300a, be-

tween Colorado and Santa Cruz rivers, Schott (ny); Hermosillo a Tastiota, El

Zapo, Wiggins & Rollins 277 (lil, ny) ; NE Sonora, Monctezuma, 5. 5. White

402 (gh); Sonora, Pesqueira, Maltby 247 (tex). United States. Arizona:

Cochise Co., B. Vuilleiimier 2228-1 (tex); Fort Huachuca, Wilcox, V 1892,

Hallup, Pringle, 3 VIII 1894 (ny); Pima Co., Pantano Wash, N of Vail, Ven-

rick 549 (mo); Tucson, Pima Co., Warren & Turner 68-157 (encb); Tucson,

Ehlers & Ehlers 6396 (mexu); Coconino Co., Demaree 44311 (ny); Ajo, S.

Maricopa Co., Rossbach 5046 (r); valley near Camp Lowell, Pringle, May 13,

1883, sub P. juliflora (sgo); Arizona, without further locality, Pringle 13665,

23 IV 1881, lectotype selected by Britton and Rose (Mimosaceae in N. Am.
Fl. 23(3): 186. 1928) (mo, ny). Australia (cultivated plants): N. S. Wales, Broken

Hill S., Garvick 4 (us)
;
Queensland, Warrego District, Comougin, Everist 5902

(us); N. S. Wales, Trangie Exp. Farm, Whittet 10581 (us).

44. Prosopis pugionata Burkart, Darwiniana 9: 70. jigs. 1-3. 1949;

Burkart, Las Leguminosas Argentinas, silvestres y cultivadas. ed.

2. 131.1952.

Tree 2-8 m. high, glabrous, very spiny; trunk 1.5-2 m. long, ca. 20-

30 cm. in diameter; bark dark, rugose; top rounded; branchlets flexuous;

spines axillary, uninodal, geminate, conic-subulate, strong, smooth, on

vigorous shoots 2-9.5 cm. long X 7 mm. in basal diameter without strangu-

lation at base, on weak shoots much smaller or absent; foliage light, de-

ciduous. Leaves uni- or bijugate, ample, mostly fascicled; petiole 0.5-

2 cm.; pinnae 1.5-6.5 cm. long; leaflets linear, glabrous, opposite, 11 to

25 pairs per pinna, distant on the rachis (1-6 mm.), 3.5-8(-10) mm.

long X 0.6-1 mm. broad, obtuse or subacute, unicostate; lateral nerves

not visible. Racemes as in similar species of sect. Algarobia, 8-9 cm.

long; florets nearly glabrous outside; petals 3 mm. long, their tips villous

within; ovary villous. Legume linear, compressed, submoniliform, tinged

with violet, straight, 9-11.5 cm. long X 8-10 mm. broad, edible, with

12 to 16 subquadrate to ovate endocarp segments.

Distribution. West-central Argentina, especially in the region around

the Salinas Grandes.

Common names. Algarrobo de las Salinas; alpataco; algarrobo.

Material examined. Argentina. Cordoba: Dept. Tulumba, La Majadilla

a La Esperanza, Sayago 1685 (cord, si); San Jose, Sayago 2626, 2627 (si);

Dept. Pocho, Sierra de Pocho frente a Chancani, Sayago 1442, 1443 (si); Chan-
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cani, Ragonese 9331 (baa, si); Dept. Pocho o San Alberto, camino de Villa

Dolores a Chancani, A. T. Htinziker 12930, 11510 (cord, si); Dept. Tulumba,
N of Quilino, Ruta 60, Km. 880, B. Timmennami, 30 IX 1972 (tex). La Rioja:
Dept. Rivadavia, estancia La Esperanza, C. D. Ocampo, VIIl 1955 (cord);

Dept. R. Vera Penaloza, de Chepes hacia San Juan, A. T. Hnnziker 12255 (si).

Catamarca: Dept. Capital, E. A. Ulibarri 493 (si). Sax\ Juan: Dept. Iglesia,

SW of Rodeo, Bartlett 20541 (si). San Luis: Dept. Belgrano, Hualtaran, An-
derson 1399 (si).

Observations. This species is closely related to Prosopis flexuosa DC,
which has short spines and broader leaflets; P. alpataco Philippi, with

shrubby habit and underground branching; and P. horrida Kunth, with

bi- or trijugate leaves and broad leaflets, characters which separate P.

pugionata also from P. nigra (Grisebach) Hieronymus.

Names of Species Excluded from Prosopis

Prosopis adstringens Steudel = Acacia atramentaria Bentham
P. benthami Chodat & Wilczek ^ Prosopidastrum globosum (Hooker & Arnott)

Burkart

P. bonplandiana (Kunth) Sprengel = Entada polystachya DC.
P. dubia Guillemin & Perrottet = Acacia sieberiana DC.
P. diibia H.B.K. = Enterolobium cyclocarpum Grisebach
P. elegans Sprengel = Piptadenia spp., P. rigida Bentham vel P. trisperma Bentham
P. elephantorrhiza Sprengel = Elephantorrhiza burchelli Bentham
P. ephedroides Gillies ex Hooker & Arnott = Mimosa cphedroides Bentham
P. esqiiirolii H. Leveille = Pterolobium punctatum Hemsley
P. jaeculijera Desvaux = Parkia africana R. Brown
P. gilliesii Mackloskie = Caesalpinia gilliesii Wallich ex Hooker
P. globosa Gillies ex Hooker & Arnott = Prosopidastrum globosum (Hooker &

P. globosa var. mexicana Dressier = Prosopidastrum mexicanum (Dressier) Bur-

P. herzogii Harms = Parapiptadenia cf. excclsa (Grisebach) Burkart
P. heterophylla Bentham = Acacia willardiana Rose
P. insularum (Guillemin) Breteler, Acta Bot. Neerl. 9: 397-403. 1960 = Schleinit-

zia insularum (Guillemin) Burkart, comb, nov., based on Acacia insularum
Guillemin, Ann. Sci. Nat. Paris H. 7: 360. 1837.

P. fischeri Taubert = Pscudoprosopis fischeri (Taubert) Harms
P. kirkii Oliver = Acacia albida Delile

P microphylla H.B.K. = Acacia tortuosa Willdenow
P. odorata Torrey & Fremont, 1845. The type material was a mixture of flow-

ermg twigs of P. glandulosa (so P. odorata becomes its synonym) with
added legumes of P. pubescens Bentham. See Benson Madroiio 15: 53.
1959.*

Professor Burkart seems to have accepted the statement of Torrey concerning
the composition of Fremont's collection and its identification. Benson's 1959 conclu-
sions and Isley's statement of 1972 (Madroiio 21: 295) seem, however, to be more
appropnate Prosopis odorata becomes a synonym of P. glandulosa var. torreyana.
I'rosopts odorata was lectotypified by Isely. Prosopis pubescens was published a year
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'. scandens Stokes = Entada scandens Bentham
'. striata Bentham ^ Prosopidastrum globosum (Hooker & /

'. tamariscina Sprengel = Gagnebina tamariscina DC.

Monografia del genero Prosopis Linn., emend. Bentham y emend. Bur-

kart (Leguminosas-Mimosoideas). Basandose en sus estudios anteriores

(vease Darwiniana 4. 1940) y contribuciones varias, el autor presenta

una revision completa de las especies de Prosopis (algarrobos americanos,

mesquites y afmes) en su distribucion mundial. Se lo considera un grupo

filogeneticamente antiguo dentro de la subfamilia, con distribucion vasta

a traves de tres continentes: desde Asia sudoccidental y Africa a America

occidental calida, desde Estados Unidos sudoeste hasta Patagonia. Se

distinguen 44 especies, de las cuales solo 4 pertenecen al viejo mundo,

siendo las demas americanas, con dos centres principales en las regiones

aridas y semiaridas de Mexico y de la Argentina, siendo este ultimo el

pais con mayor numero de especies (28 en total, de ellas 13 endemicas).

filogenia, su subdivision en secciones y series, su distribucion por paises

y centros de polimorfismo a escala universal, su importancia ecologica y

economica, mencionando las multiples utilidades que presta en regiones

de clima calido-seco y se propicia su mayor estudio desde el punto de vista

biologico y ecologico, tal como el que se lleva a cabo en colaboracion,

entre botanicos de Harvard University, la Smithsonian Institution y la

Universidad de Buenos Aires. Como meta final se aconseja la inclusion

de las mejores especies y razas seleccionadas de estos valiosos arboles en

programas de reforestacion en zonas aridas.

La parte principal del trabajo esta destinada a aclarar la taxonomia del

genero, a distinguir sus 44 especies mediante una clave dicotomica y de-

scripciones complementarias, algunas ilustraciones, y a dilucidar su no-

menclatura correcta y sinonimia. Aparte de una seccion nueva, se crean

nuevas series, una nueva especie de Iran, un nuevo nombre para una es-

pecie mexicana y diversas variedades nuevas. La exacta distribucion geo-

grafica queda lijada con la citacion de ejemplares de herbario seleccionados.

Se incorporan resultados de recientes investigaciones citogeneticas, palino-

logicas, quimiotaxonomicas y serologicas.
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CHROMOSOME NUMBER AND ITS SIGNIFICANCE IN

BATIS MARITIMA (BATACEAE)

Peter Goldblatt *

The small and very distinct family Bataceae comprises two species

of succulent halophytic subshrubs, widespread in littoral zones of the

tropics and subtropics, with one species, Batis maritima L., found in the

New World (and naturalized in the Hawaiian Islands) and a second

species, B. argillicola van Royen, in New Guinea. The low-growing plants

have opposite leaves and either distinctive conelike male or female inflo-

rescences borne on separate plants or solitary, unisexual flowers borne on

the same plant. The flowers are much reduced and tetramerous and are

subtended either by bracts or by leaves in the case of B. argillicola, which

has solitary flowers. The affinities of the very peculiar Bataceae have

long puzzled botanists, and the family has been allied at various times

with an unusually large and varied number of different groups (Mc-
Laughlin, 1959; Mabry & Turner, 1964). Most recently (Dahlgren,

1975; Goldblatt et at., 1976) the family Bataceae has been placed with

the Australian Gyrostemonaceae in the order Capparales, a treatment

suggested mainly by chemical evidence; however, a relationship to the

Gyrostemonaceae is strongly supported by pollen morphology. Determina-
tion of the chromosome number in the family was undertaken with the

hope that this knowledge would contribute to an understanding of the

relationships of Bataceae.

CYTOLOGY

Plants of Batis maritima collected in the wild were grown at the Mis-
souri Botanical Garden. A potting medium of pure sand kept completely
water-saturated proved suitable, and the plants grew rapidly, producing
an abundance of roots.

Root tips were pretreated in 0.003M hydroxyquinoline for four hours,

then fixed in acetic alcohol. After hydrolysis in 10% HCl at 60°C for

five minutes, root tips were squashed in lacto-propionic orcein.

Batis maritima L. 2« = 22, Belize, Belize City, tidal flats near St.

Josephs College, Dwyer 12370 (mo); 2n = 22, U.S.A., Florida,

Hillsborough County near Apollo Beach. Hilsenbeck & Hilsenbeck

The chromosomes of Batis maritima are fairly small, in th

range, but were very clearly stained and well spread out by

* B. A. Krukoff Curator of African Botany, Missouri Botanical Garden.
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ment described above. The diploid number of 2n = 22 is almost certainly

correct for the species, although occasionally one or two satellite-like

structures, which were about one-third the size of the smaller chromosomes
and always located close to larger chromosomes, were observed. This con-

firms Fulcher's (1972) record of « = 11, a count unknown to me at the

time this study was undertaken, and contrasts notably with Engel and

Schmidt's (1972) count oi 2n = 18 for plants collected in Colombia.

It seems probable that either Engel and Schmidt's count is only approxi-

mate or an error was made in the identification of their material. A request

for the loan of the voucher to check the latter possibility has to date evoked

no response.

DISCUSSION

The family Bataceae has been allied with such varied groups as Empe-
traceae, Buxaceae, Polygonaceae, and Juglandaceae (McLaughlin, 1959),

but the most serious consideration has been given to possible relationships

with the Amentiferae, particularly Salicaceae (Wettstein, 1935), with

the Centrospermae, notably Chenopodiaceae and Amaranthaceae (Hutch-

inson, 1959; Buxbaum, 1961; Takhtajan, 1969), and most recently with

the order Capparales (Dahlgren, 1975).

Most modern phylogenetic treatments, however, have tended to stress

the uniqueness of the family, placing it in its own order as did, for ex-

ample, Melchior (1964), who placed the Batales between the Papaverales

and the Rosales, and Cronquist (1968), who placed it between the Caryo-

phyllales and Polygonales, the latter still implying distant affinities

with the Centrospermae. Thorne (1968) also admitted the Batales to his

Chenopodiiflorae; more recently (1973), however, he has indicated that

he believes the order to be unrelated to Chenopodiiflorae, although he

does not not suggest an alternative relationship. Dahlgren (1975) as-

signed Bataceae to his Violanae. a superorder comprising Violales, Ta-

maricales, Salicales and Capparales, and he suggested placing the Bataceae

either in the Capparales or in a separate order, the family in both cases

being closely associated with the Australian Gyrostemonaceae. Dahl-

gren's treatment is supported by Goldblatt et al. (1976) mainly on the

basis of chemical evidence.

Seen against this rather conflicting background, the chromosome num-

ber of w = 11 in Batis maritima appears to be highly significant, par-

ticularly with reference to the Centrospermae and the Salicaceae. The

latter, with the distinctive base number of 19, is seen as an unlikely

relative of the Bataceae. and any possibility of this relationship can be

discounted in the light of much other evidence.

The most important base number in the order Centrospermae is 9 (Ra-

ven, 1976), and this is clearly basic in Phytolaccaceae and Chenopodia-

ceae, the latter frequently associated with Batis. Within the Centro-

spermae, higher base numbers occur in the Basellaceae {x = 12, 11)

and Cactaceae (x = 11), while abundant aneuploidy in the Amarantha-
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ceae, Portulacaceae, Nyctaginaceae, and Caryophyllaceae makes it diffi-

cult to ascertain base numbers. However, Bataceae, with x = 11, is

clearly discordant with the group of families in the Centrospermae with

which it is most often associated.

In the light of phytochemical studies (Chang & Mabry, 1973; Mabry

& Turner, 1964) and recent palynological and ultrastructural evidence

(Goldblatt et al., 1976), the family Bataceae is now seen as almost cer-

tainly misallied with the Centrospermae. Batis has plastids containing

normal starch grains in sieve tubes and not the peculiar so-called P-type

sieve tube plastids of the Centrospermae (Behnke & Turner, 1971).

Phytochemical data also support the exclusion of the Bataceae from the

Centrospermae (Goldblatt et al., 1976), with the discovery (Ettlinger

fide Goldblatt et al., 1976) of glucosinolates in the family.^ This evi-

dence provides support for Dahlgren's placement of Batis in the Cap-

parales, together with the mustard oil families. In addition, Batis has

very unusual pollen grains of a type unknown in the centrospermous

families (Erdtman, 1952; Prijanto, 1970a) but very similar to that of

the Gyrostemonaceae (Prijanto, 1970b).

The placement of Batis in or close to the Capparales (Violanae) ap-

parently is supported by the chromosome data, .t = 10 and 11 being com-

mon in this order and probably basic (Raven, 1976), while x = 11 or 12

is the most likely basic number in the Violales. Dahlgren associates

Bataceae particularly with the Australian Gyrostemonaceae, which have

been shown to have w = 14 (Keighery, 1975; Goldblatt et al., 1976).

These two families do not seem particularly closely related on either cy-

tological or morphological grounds, having most notably very similar and

unusual pollen grains (Erdtman, 1952; Prijanto, 1970a, 1970b; Nowicke,

pers. comm.) which are strikingly discordant with the Centrospermae al-

though also with most members of the Capparales (Erdtman, 1952;

Nowicke, pers. comm.). The two families together, however, seem closely

allied to Capparales on the basis of the occurrence of glucosinolates in

both and myrosinase in Batis maritima (Schraudolf et al., 1971; Wagen-
itz, 1975).

In summary, it can be said that the chromosome number of Batis

maritima contributes to the weight of evidence excluding Bataceae from

Centrospermae and Salicaceae. Similar base numbers occur in Capparales

and in Batis, but the Gyrostemonaceae, suggested as the closest ally of

Bataceae in a Capparalean alliance, has ::c = 14, and this in itself pro-

vides no support for the supposed relationship between Bataceae and

Gyrostemonaceae. The number n = 11 in Batis is, however, consistent

with basic chromosome numbers in Capparales and in the Violanae in

general. Of course, the chromosome number of B. argillicola is still un-

known, and until this is determined, no further conclusions can be drawn.

' Batis has been analyzed for betacyanins and betaxanthins, characteristic of many,
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fruticosa, 517 - faeculifera, 524

alba, 234, 249, 521

Xhassleri, 479 455,469

panta, 234, 247-249, 477, 478, 521, farcta, 233, 245, 454

522 glabra, 233, 245, 454, 455

- algarobilla, 234, 485, 488, 491, 506, 509

nandubay, 488

nigra, 503 -fiebrigii,233,244,245,248,476,477

-alpataco, 234, 243, 245, 249, 514, 517- -fischeri, 524

-flexuosa, 234, 243, 245, 248, 249, 506,

-argentina, 225, 230, 233, 237, 245, 248,

471, 472 flexuosa, 249

-atacamensis, 520
~ barbatigridis, 473 -gilliesii, 524

-benthami, 524 -glandulosa, 221, 234, 239, 242, 245-

-bonplandiana, 524 247,500,501,514-516,520,524

-bracteolata, 499 glandulosa, 234, 246, 247, 516, 517

-burkartii, 233, 236, 245, 248, 462, 468 prostrata, 234, 246, 247, 516

-caldenia, 221, 234, 241, 245, 249, 507-

509, 513 — globosa, 228, 524

Ih^sXi'233' 244' 245 248 478 479

^ x'fiebrigii, 479

hassleri, 233, 248,479

nigroides, 233, 248, 479

-herzogii, 524

-heterophylla, 524

-chilensis, 221, 226, 232, 234, 242, 245-

249, 486, 488, 495-498, 500, 501, 514,

-horrida, 502, 524

522 — insulanim, 220, 524

iicSrir^M, US, itu^'.i^i-
"'

-juliflora, 220, 221, 226, 231, 234, 243,

245-248, 487, 488, 496, 499-503, 510,

— denudans, 232, 234, 238, 245, 248,

• denudans, 234, 248, 481

— dominguensic, 499
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Prosopis kirkii, 228, 524

— koelziana, 224, 233, 23S, 245, 455

— kuntzei, 233, 237, 245-248, 472-*7

tamarugo, 221, 233,

245, 247, 494,

, 234, 249, 506, 507

507

-oblonga, 229, 456

-odorata, 466, 524

-pallida, 221, 232,

486-488, 491, 522

pallida,' 244,'

:

-— X juliflora, 488

-palmeri, 233, 236,

Pseudoprosopis, 225

Psilorhegma, 35

Psychotria "brownei," 318

— reptans, 233, 236, 245, 247, 24i8, 458-

reptans, 233, 236, 248, 460, 46
— rojasiana, 234, 239, 245, 248, 484
- rubriflora, 234, 239, 245, 248, 485
- ruizleaU, 234, 238, 245, 249, 481
- ruscifoUa, 220, 221. 231.233.2:

231, 233, 237, 245, 248,

, 353, 371, 378-380, 383-386,



Sansevieria, 207

Sapindaceae, 129, 131

— subfam. Dyssapindaceae, 131

Reassessment, The Montane Forests and

Redbud, ^

Redroot,

Rehderod

Reinterpretat:

Relbunium h:

(Sapindace;

Rhamnus, 35C

Rhaphidophoi

:, 55, 56, 63-65

, 64, 65

of Leucaena and Lysi

Genus Koelreuteria

— tribe Koelreuterieae, :

(Sapindaceae), A Revis

Koelreuteria, 129

Sargent's Magnolia,

Sarothra,

194, 197, — F

Rheedia sessiliflora, 344
Rhododendron roseum, 400
Rhodospatha, 185-187, 196

Rhynchospora eggersiana, 331, 341
— polyphy11a, 331

Robertson, Kenneth R. The Genera of

United States, 205

United States, 1

Rondeletia, 428

Roridula dentata, 124

Roridulaceae, 125

Rosaceae, 4, 403
— tribe Chrysobalaneae,

Rosales, 124, 527

Roui

Saucer Magnolia,

Saxifraga, 402

Saxifragales, 4

Schefflera, 333

— sciadophyllum, ;

Southeastern Schra

rion of Leucaenj

Selaginella denudata,

:

— selaginoides, 402

Simaroubaceae, 352
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Sinojackia, 55

- rehderiana, 55

Siphonia, 426^28
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Stillingia, 430

Strombocarpa, :

Smith, Albert C. Studies of Pacific

Island Plants, XXXIII. The Genus

Southern Pac

Snowdrop-tree, 57, 59, 60

Soils of Jamaica: A Reassessment, 1rhe — torquata, 462

Montane Forests and, 313 Studies of Pacific Island Plants, XXXIII.

Solanaceae, 349 The Genus Ascarina (Chloranthaceae)

Solandra, 332 in the Southern Pacific, 405

Solanum acropterum, 328 Styracaceae, 54-73

— punctulatum, 327, 337, 338, 359 Styracaceae Hardy in Temperate North

SoLBRiG, Otto T Arturo Burkart; A America, 54

Styrax, 55, 56, 65-67, 69

Sophora japonica, 148 — americanum, 67, 68

Sopropis, 223, 227, 467 pulverulentum, 69

;d States, The Genera

of Guttiferae (Clusiaceae) in the, 74

loutheastem United States, The Genera

of Haemodoraceae in the, 205

Jouthem Pacific, Studies of Pacific Island

Plants, XXXIII. The Genus Ascarina

(Chloranthaceae) in the, 405

md Norton G. Miller.

Dated Pollen Diagram
iheny Plateau of New

— grandifolium, 68, 70

— hemsleyanum, 68, 71

— japonicum, 67, 69

— officinale, 55, 66

— pulverulentum, 69

— suberifolium, 66

The Mascarene Spei

iphagnum, 333, 380, 3

Styrax Family, 54

Sweet Bay,'265

Symphonia globulifera, 328, 351, 352

Syngonium auritum, 332, 343

Tabebuia angustata, 352

54

Staphyleaceae, 349

Stelis micrantha, 333

— ophioglossoides, 333

— trigoniflora, 333

Stenospermation, 186

Stevens, P. F. The Old World Specie

Calophyllura (Guttiferae). 1.

Mascarene Species, 167



Hardy in, 250

Temperate North America, Styracaceae

Hardy in, 54 — oxycoccos, 374, A

TerminaUa, 352

~latifoUa,352 Veitchs Magnolia,

.

Tetracera, 124 Verbena, 224

Tetrorchidium rubrinervium, 32?,

Verbesina nervosa,

Tlieacele,"7's, 349

-tribe Bonnetieae, 75 -divaricata,330,'

Thelypteris deltoidea, 331 -pluvialis,330,34

Thompson's Magnoha, 303 Viburnum, 350, 401

TiFFNEY, Bruce H., and Michael Madi- — acerifolium, 400

son. The Seeds of the Monstereae: -alpinum,327,34

Their Morphology and Fossil Record, -cassinoides,400

-villosum,327,34

Tilia, 100, 402 Violales, 527, 528

Violanae, 527, 528

Tillandsia complanata, 333, 339 Vismia, 75

Vitex negundo, IJO

Triadenum, 75, 78, 88-90

Trichomanes robustum, 331

Trientalis borealis, 400

Trillium grandiflorum, 400

,
The Genus Gymnocla- — ugandensis,

Tsuga, 379, 1

subcordatum

Tulipiferae, 251

Tulip-poplar, 309

Tulip-tree, 309

Wilson's Magnolia

'roblem of Multiperforat


